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PREFACE. 

THE  laboratory  exercises  described  in  this  text 
book  are  designed  to  meet  the  requirements  of 
students  who  wish  to  follow  a  laboratory  course 
dealing  with  some  of  the  applications  of  physical 
chemistry.  The  experimental  work  here  described 
is  based  on  the  exercises  introduced  by  Dr.  R.  S. 
Hutton,  in  1900,  as  a  supplement  to  the  course 
in  practical  physics  which  form  part  of  the  curri- 
culum of  the  students  in  the  Honours  School  of 
Chemistry  in  the  University  of  Manchester,  in 
their  first  and  second  years'  studies. 

It  has  been  endeavoured,  in  this  collection  of 
exercises  dealing  with  certain  branches  of 
chemical  physics,  to  present  to  chemical  students 
a  publication  which  will  for  their  purpose 
supplement  the  text  books  of  Schuster  and  Lees, 
on  "  An  Intermediate  Course  in  Practical  Physics  " 
(Macmillan  &  Co.),  and  "Advanced  Exercises  in 
Practical  Physics"  (Cambridge  University  Press), 
and  it  is  expected  that  students  following  this 
work  will  have  already  taken  one  or  both  of  the 
above  courses  in  pure  physics. 

The  field  in  the  borderland  between  physics  and 
chemistry  has  grown  to  dimensions  which  are  now 
very  large  and  is  still  rapidly  increasing.  In  this 
text  book  it  has  consequently  only  been  attempted 
to  deal  with  a  few  phases  of  this  subject,  and 
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these  lie  mainly  in  the  domain  of  electro-chemistry 
and  the  closely  allied  subject  of  high  temperature 
chemistry.  The  close  association  of  this  latter 
with  electro-chemistry  is  due  to  the  fact  that 
electrical  methods  of  producing  and  of  measuring 
high  temperatures  are  now  very  widely  used  in 
chemical  research  work.  Not  only  for  producing 
temperatures  above  about  1800°,  where  no  other 
practical  method  of  obtaining  definite  high 
temperatures  is  available,  but  in  the  region  of 
comparatively  low  temperatures,  such  as  between 
1000°  and  1500°,  electrical  heating,  on  account  of 
the  facility  with  which  it  can  be  applied  and 
controlled,  has  largely  supplanted  the  use  of  gas 
and  fuel  furnaces  in  laboratory  work. 

This  book  also  deals  with  part  of  the  ground 
covered  by  students  who  specialise  in  electro- 
chemistry in  their  third  year's  studies  for  the 
Honours  degree;  but  the  remaining  part  of  this 
course  on  applied  electro-chemistry,  which  relates 
to  electric  furnace  work  has  been  omitted,  as  the 
ground  is  covered  by  the  publication  of  Mr.  R.  E. 
Slade  on  "  Laboratory  Electric  Furnaces."  * 

The  scope  of  this  book  has  been  limited  almost 
entirely  to  the  experimental  details  in  laboratory 
manipulations,  while  the  theoretical  side  has  been 
only  very  briefly  indicated.  The  introduction  of 
thermo-dynamics  has  only  been  made  to  point  out 
the  important  bearing  that  this  has  when  applied 
to  such  measurements  as  those  of  electrode  poten- 

*  Constable,  London. 
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tials,  decomposition  voltages,  and  polarisation,  the 
theoretical  aspects  of  which  have  been  fully  dealt 
with  in  numerous  existing  publications.  For  a 
fuller  treatment  of  the  subjects  in  this  book,  the 
student  is  referred  to  Ostwald-Luther's  "  Physico- 
Chemical  Measurements  " ;  Nernst,  "  Theoretical 
Chemistry  " ;  Foerster,  "  Elektroehemie  wasseriger 
Losungen";  Elbs,  "Electrolytic  Preparations"; 
Le  Chatelier  and  Wologdine,  "  High  Temperature 
Measurements  " ;  and  publications  in  the  scientific 
journals,  to  which  reference  is  given  in  the  text. 

I  wish  to  express  my  indebtedness  to  Mr.  A. 
Parker  for  his  able  assistance  in  the  preparation 
of  the  diagrams. 
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PART  I. 

PHYSICO-CHEMICAL  MEASUREMENTS. 

1.  MOLECULAE  WEIGHT  DETERMINATION 
BY  LOWERING  OE  FREEZING  POINT. 

RAOULT,  who  was  the  first  to  investigate  systemati- 
cally the  lowering  of  freezing  point  produced  by 
the  solution  of  different  bodies,  was  led  to  formulate 
the  important  generalisation  that  equimolecular 
concentrations  of  different  substances  produce,  in 
the  same  solvent,  the  same  lowering  of  the  freezing 
point.  Thus,  if  T0  be  the  freezing  point  of  a  pure 
solvent  and  T^  that  of  a  solution  containing  g 
grams  of  the  dissolved  substance  in  100  grams  of 
the  solvent,  and  M  be  the  molecular  weight  of  the 
substance  dissolved,  then  M(T0-T1)  equals  the 

9 
molecular  lowering  of  the  freezing  point,  which, 

as  Raoult  found,  is,  for  one  and  the  same  solvent, 
a  constant,  i.e.,  M(T0-T1)  =  K. 

9 

K  can  be  evaluated  by  determining  the  depression 

produced  by  substances  of  known  molecular  weight. 
It  has  moreover  been  theoretically  deduced  on 
thermo-dynamic  grounds  by  Van't  Hoff,  who 
found  the  relation  between  the  lowering  of  freezing 
point  and  the  latent  heat  of  fusion  of  the  solvent 
(see  page  7). 

For  the  calculation  of  molecular  weights  from 
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observations  of  the  lowering  of  freezing  point,  we 

9 


can    make    use    of    the    formula    M  =  K 

.Ao"  Mi 

or,  if  x  equals  the  weight  of  substance  dissolved 

in  y  grams  of  the  solvent  M  =  K  .rp  _  T  . 


Fig.  1. 

The  value  of  K  for  Water  =  187 

Acetic  acid  =  38  (M.P.  =  16'5°) 

Benzene  =  50  (M.P.  =  5'4°) 

Apparatus.       The     form     of     apparatus     most 
generally  employed  is  that  of  Beckmann.       The 
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thermometer  is  of  special  construction,  having  a 
very  open  scale  and  only  comprising  an  interval 
of  about  4°.  The  top  of  the  thermometer  tube 
terminates  in  a  small  reservoir  containing  mercury 
(R,  Fig.  1),  so  that  the  quantity  of  mercury  in 
the  bulb  can  be  regulated,  and  the  scale  interval 
adjusted  for  different  temperatures.  The  adjust- 
ment of  the  thermometer  is  made  with  the  help 
of  an  ordinary  thermometer  in  the  following 
way :  — The  two  thermometers  are  immersed  in 
a  beaker  of  water  whose  temperature  is  1 — 1J° 
above  that  of  the  freezing  point  of  the  solvent. 
The  mercury  should  now  fill  the  whole  thread 
of  the  thermometer  and  extend  a  short  way 
into  the  reservoir,  as  shown  at  d  (Fig.  1,  B). 
The  thermometer  is  removed  from  the  beaker,  and 
while  cooling,  connection  of  the  mercury  thread 
with  the  reservoir  is  severed  by  tapping  at  d, 
while  carefully  supporting  with  the  hand  behind 
this  place.  In  both  types  of  thermometers,  A  and 
B,  this  action  displaces  the  mercury  from  d  to  the 
bottom  of  the  reservoir  R.  If  the  reading  should 
lie  too  low  on  the  scale — leaving  insufficient  range 
for  the  depressions  of  the  freezing  point  to  be 
observed  later — it  is  necessary  to  add  more  mercury 
from  the  vessel  to  that  already  contained  in  the 
bulb.  This  is  done  by  carefully  warming  the 
thermometer  until  the  mercury  in  the  thread  is 
continuous  with  that  in  the  reservoir.  (The  latter 
is  brought  to  the  top  of  the  reservoir  by  a  centri- 
fugal motion.)  The  adjustment  is  then  made  as 
before.  (Before  commencing  an  experiment,  it  is 
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always  advisable  to  take  a  measurement  of  the 
freezing  point  of  an  unweighed  sample  of  the  pure 
solvent.) 

Practical.  As  a  good  example  of  these  deter- 
minations the  molecular  weight  of  camphor  in 
glacial  acetic  acid  may  be  taken.  However,  on 
account  of  the  hygroscopic  nature  of  this  solvent, 
precautions  must  be  taken  to  prevent  access  of 
air  during  the  experiment.  A  small  quantity  of 
the  glacial  acetic  acid  should  be  fractionally 
crystallised  two  or  three  times  by  cooling  the 
liquid  until  partially  solidified  and  then  pouring 
back  the  mother  liquor  into  the  main  bottle.  The 
final  solid  fraction — about  20 — 25  cc. — is  then 
quickly  transferred  to  the  previously  weighed 
tube,  and  well  stoppered  from  the  air. 

The  outer  jar  of  the  apparatus  is  filled  with 
some  cooling  mixture  so  as  to  be  about  5 — 10° 
below  the  freezing  point  of  the  solvent.  About 
20 — 25  cc.  of  the  solvent  is  weighed  on  a  rough 
balance  to  within  about  2  centigrms.  or  0'1%, 
and  placed  in  the  well-corked  inner  tube  C,  which 
has  previously  been  carefully  dried.  The  cork 
holding  the  thermometer  and  stirrer  is  then 
inserted  and  the  tube  slightly  under-cooled  by 
direct  immersion  in  the  cooling  liquid  of  the  outer 
vessel  for  a  short  time.  An  under-cooling  of  about 
1°  is  advisable,  but  not  so  that  any  solvent  freezes 
out.  The  tube  is  then  dried  externally  and 
placed  in  an  air  mantle.  On  vigorous  stirring,  the 
solvent  should  now  begin  to  solidify.  The 
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thermometer  will  rise  for  some  time  and  then  as 
a  rule  slowly  fall.  The  highest  temperature 
indicated  is  taken  as  the  freezing  point  and  must 
"be  noted  to  1  / 1000  degree.  (The  thermometer  should 
he  tapped  during  the  temperature  readings.) 


Fig.  2. 

The  solvent  is  then  re-melted  (usually  most 
conveniently  done  hy  warming  the  tube  in  the 
hand)  and  the  observations  should  be  repeated 
twice  more. 

About  0'2grm.  of  the  substance  to  be  dissolved 
is,  after  careful  weighing,  introduced  by  the  side 
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tube  so  that  it  falls  into  the  solvent  without  touch- 
ing the  sides  of  the  tube.  After  complete  solution, 
observations  of  the  freezing  point  are  taken  as 
before  and  again  repeated  a  third  time.  These 
measurements  should  then  be  repeated  with  larger 
quantities  of  the  substance,  say,  0'4  grm.  and 
0'6  grm. 

[NOTE  1.]  To  obtain  any  accuracy  in  these  measurements, 
several  precautions  have  to  be  carefully  observed  in  order  to- 
avoid  the  main  sources  of  error  which  arise.  If  the  solvent 
which  is  used  is  hygroscopic,  the  chief  error  is  that  produced 
by  absorption  of  water  from  the  atmosphere.  In  this  case,  the 
solvent  must  first  be  carefully  dehydrated,  and  when  in  the 
tube  must  be  well  protected  from  the  air.  The  solute  can  be 
introduced  into  the  solvent  without  removing  either  of  the 
stoppers  by  means  of  a  spoon-shaped  glass  spatula,  as  shown 
at  S  (Fig.  2).  To  make  this  spatula,  a  small  bulb  is  blown 
on  the  end  of  a  glass  tube,  and  then  one  side  is  drawn  in  to 
make  half  the  surface  concave,  and  the  bowl  then  bent  up  a 
little. 

The  solid  is  kept  in  this  hollow  during  the  freezing  point 
measurement  of  the  pure  solvent,  and  then  by  turning  the 
spatula  round,  can  be  dropped  into  the  liquid.  Means  should 
also  be  adopted  to  prevent  the  entrance  of  air,  during  stirring, 
through  the  space  between  the  stirrer  and  the  channel  of  the 
cork  E.  Another  uncertainty  in  the  measurements  is  caused 
by  the  fact  that  during  the  reading  of  the  freezing 
temperature,  on  account  of  radiation  to  the  colder  surrounding 
jacket,  the  solution  will  always  be  somewhat  undercooled. 

Thus,  the  apparent  freezing  point  £,  will  be  lower  than  the 

true  freezing  point  t0  by  an  amount  ~  ,  where  v  is  the  rate 

rC 

of  cooling  by  radiation  to  the  enclosure,  and  k  the  rate  of 
heating  by  the  freezing  of  the  liquid,  so  that  t0  =  t,  +  — 

/C 
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or,  more  correctly,  £O  =  £,H — !- where  vt  equals  the  rate  of 

fc 
heating  on  account  of  the  stirring. 

To  eliminate  this  error,  v  must  be  made  very  small,  and  k 
very  large ;  v  the  radiation  to  the  enclosure  depends  on  the 
difference  of  temperature  between  this  and  the  solution,  so 
that  the  enclosure  should  be  at  a  temperature  not  more  than 
a  few  degrees  below  that  of  the  freezing  point  of  the  solution. 
k,  on  the  other  hand,  is  made  as  large  as  possible  by  stirring 
rapidly,  and  by  the  presence  of  a  large  surface  of  the  frozen 
solvent.  The  quantity  of  this  present  is  determined  by  the 
amount  of  supercooling  in  the  first  place.  If  this  is  too  great, 
however,  another  error  predominates,  viz.,  that  caused  by 
having  increased  the  concentration  of  the  solution  through  the 
freezing  of  the  solvent.  The  magnitude  of  this  effect  can, 
however,  be  calculated  and  allowed  for. 

It  is  necessary,  for  these  measurements,  that  the  solvent 
should  be  made  to  separate  in  the  form  of  very  small  crystals, 
so  as  to  offer  a  large  surface.  For  this  reason,  when  working 
with  some  solvents,  it  is  very  difficult  to  obtain  an  accurate 
freezing  point  measurement  on  account  of  the  tendency  to 
the  formation  of  solid  in  a  massive  condition.  Measurements 
with  organic  substances  are  u?-»ally  most  conveniently  made 
by  using  acetic  acid  or  benzene  as  the  solvent,  though  in  the 
former  case  special  precautions  must  be  taken  on  account  of 
its  hygroscopicity. 

[NOTE  2.]  The  value  for  the  molecular  lowering  of  the 
freezing  point  K  was  deduced  thermo-dynamically  by  Van't 
Hoff,  who  found  the  relation  between  the  lowering  of  freezing 
point  and  the  latent  heat  of  fusion  of  the  solvent.  To  make 
this  calculation  a  cyclic  process  must  be  imagined  to  be  carried 
out  as  follows  : — 

We  take  a  dilute  solution  containing  n  grm.  mols.  of 
dissolved  substance  in  P  grams  of  solvent.  We  now  imagine 
two  heat  reservoirs,  the  first  at  the  temperature  T,,  the 
freezing  point  of  the  solution,  and  the  second  at  T0,  the 
freezing  point  of  the  pure  solvent.  Beginning  the  cyclic 
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process  with  the  solution  at  T0,  this  is  placed  in  the  first 
reservoir  and  cooled  down  to  T,,  at  which  temperature  as 
much  of  the  pure  solvent  is  allowed  to  freeze  out  as  corre- 
sponds to  the  volume  in  which  1  grm.  mol.  of  the  dissolved 

-p 
substance   is    contained,    i.e., grms.    of  the    solvent.        On 

n 

account  of  the  large  volume  of  the  solution,  the  slight  change 
in  concentration  during  this  process  can  be  neglected.  The 
heat  given  out  during  the  change  at  this  temperature  T,  is 

-D    T 

equal  to        —  ,  where  L  is  the  latent  heat  of  fusion  of  the 

n 
solvent.     The  solution  and  the  solidified  solvent  are  then  placed 

in  the  second  reservoir  where  their  temperature  is  raised  to  T0. 
The  amount  of  heat  supplied  to  raise  the  temperature  here  will  be 
equivalent  to  that  yielded  during  the  first  cooling  from  T,  to  T0. 

The  solid  is  here  allowed  to  melt,   whereby  calories  are 

n 
absorbed.     The    fused  solvent   is  then    allowed   to    enter  the 

solution  through  a  semi-permeable  diaphragm,  so  as  to 
produce  the  maximum  amount  of  work  osmotically.  The 
work  will  equal  PV  =  RT0  =  2T0.  The  system  will  now  be  in 
its  original  condition.  An  amount  of  work  equal  to  2T0  will 

have  been  obtained,  and  an  amount  of  heat  equal  to 
taken  from  T0  to  T,.  Now  it  follows  from  the  second  law 
of  thermodynamics  that  e£A=Q  ^-  ,  where  dA  equals  the 
work  and  Q  the  heat  involved  in  any  process  which  takes 
gjace  reversibly  and  with  the  production  of  the  maximum 
amount  of  work.  Substituting  in  this  equation,  the  values 

obtained  in  the  above  case,  we  have  Q=          .     For  T  we  put 

n 

the  absolute  freezing  point  of  the  solvent  T0,  and  dT  =  T0  — T,, 
the  lowering  of  freezing  point,  while  the  work  accomplished 
equals  2T0. 

Hence  2  T0  =  ^  To~Ti'  or  the  lowering  of  freezing  point 

T0  —  T,=  -?L     _L2l  .  Therefore  the  lowering  of  freezing  point 

JL 
of  a    solution   produced    by   1  grm.  mol.    in  100  grms.    of    the 
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solvent,  or  the  molecular  lowering  M(T0-T,)  =    °'02To" 

9  L 

Since  n=-~-,    T0  — T,,    equals    the    depression    produced    by 

g  grams  of  a  substance  of  molecular  weight  M  dissolved  in 
100  grams  of  solvent. 


2.  MOLECULAR  WEIGHT  ESTIMATIONS  BY 
THE  RAISING  OF  THE  BOILING  POINT 
OF  A  SOLVENT. 

This  method  has  been  founded  on  the  relations 
discovered  by  von  Babo  (1848),  Wullner  (1856) 
and  Raoult  (1887)  to  exist  between  the  vapour 
pressure  of  a  solution  and  the  amount  of  substance 
contained  in  the  solvent. 

Raoult  found  that  equiniolecular  quantities  of 
non-electrolytes,  dissolved  in  a  fixed  amount  of  any 
solvent,  depress  the  vapour  pressure  by  a  constant 
value  depending  only  on  the  nature  of  the  solvent. 
In  the  case  of  dilute  solutions,  the  following 
relation  between  the  concentration  and  the  lowering 

of  the  vapour  pressure  was  found  to  holdJ- — ^_  =  — 
where  p  equals  the  vapour  pressure  of  the  solvent, 
p1  that  of  the  solution,  and  —  equals  the  ratio  of 

the  number  of  molecules  of  dissolved  substance  to 
those  of  the  solvent. 

The  method  used  by  the  earlier  investigators  was 
to  measure  the  lowering  of  the  vapour  pressure. 
It  is  to  Beckmann  that  we  are  indebted  for  working 
out  the  method  of  determining  the  raising  of  the 
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boiling  point,  which  is  of  much  easier  application. 

For  the  calculation  of  the  molecular  weight  we 
make  use  of  the  "  constant  of  molecular  elevation 
of  Boiling  Point"  of  the  solvent  employed,  i.e., 
the  elevation  of  boiling  point  caused  by  the 
solution  of  1  gram-molecule  of  the  substance  in 
100  grams  of  solvent. 

The  constants  K  for  various  solvents  are  given  : 

B.P.  K. 

Water      .........     100°  ...  5'1 

Ethyl  ether     ......       35°  ...  21'6 

Benzene  .........       79°  ...  26'1 

Acetone   .........       56°  ...  IT'l 

These  constants  can  also  be  deduced  on  thermo- 
dynamic  grounds  (see  'page  15],  and  are  expressed 

by 

^    0-02T2 
Jv=  — 

2 

where  T  =  B.P.  on  the  absolute  scale, 

q  =  latent  heat  of  vaporisation. 
If  now,  on  dissolving  S  grams  of  the  substance  in 
I   grams   of   solvent   the   boiling  point   is   raised 
E  degrees.     The  molecular  weight  is  given  by 


Practical.  The  following  instructions  must  be 
carefully  followed  in  order  to  make  accurate 
measurements  :  — 

Adjustment  of  the  Thermometer.  A  thermometer 
similar  to  that  used  for  the  Freezing  Point 
determinations  is  made  use  of.  Since  the  interval 
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of  temperature  which  can  be  measured  by  it  at  one 
time  is  limited  to  4°  or  5°,  it  must  be  set  for  each 
solvent  according  to  the  boiling  point.  This  is 
effected  as  described  in  the  section  on  the  lowering 
of  freezing  point.  The  thermometer  should, 
be  set  so  that  the  boiling  point  of  the  pure  solvent 
lies  somewhere  between  the  0°  and  1°  on  the  scale, 
thus  leaving  a  sufficient  interval  for  the  elevations 
of  temperature  which  will  be  measured. 

A.  Method  of  Beckmann.*  The  annular  vessel 
(c.f.  Fig.  3)  which  serves  to  prevent  radiation  of  heat 
from  the  boiling  point  vessel  is  filled  to  a  height  of 
2-3 cms.  with  the  pure  solvent,  two  or  three  pieces 
of  broken  glass  or  porcelain  being  added  to  assist 
uniform  boiling.  The  inner  vessel  which  contains 
a  thick  piece  of  platinum  sealed  through  its  end, 
which  ensures  a  formation  of  small  vapour  bubbles, 
is  then  removed  and  filled  about  3-4  cms.  high  with 
small  glass  beads.  The  vessel  is  then  suspended 
by  wire  to  the  balance  and  weighed  to  within 
O'Ol  grm. ;  about  20  cc.  of  the  pure  solvent 
are  now  added,  and  the  weight  to  within  O'Ol  grm. 
carefully  noted.  The  thermometer  is  now  fixed  by 
a  cork  into  the  neck,  so  that  the  end  of  the  bulb 
comes  just  above  the  level  of  the  glass  beads 
(the  amount  of  solvent  should  be  sufficient  to  cover 
the  bulb  of  the  thermometer).  The  two  condensers, 
one  for  the  annular  vessel,  and  one  for  the  boiling 
point  vessel,  are  put  into  position,  as  shown  in  the 
diagram.  The  heating  is  effected  by  two  small 

*Zeitschr.phsysik.Chem.,  viii,  223  (1891);  xviii,  473  (1895). 
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Bunsen  burners   provided   with   screw   clamps    so 
that  the  flames  can  be  accurately  adjusted.     The 


Fig.  3. 
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flames  should  be  placed  so  as  to  be  just  inside — 
not  quite  under — the  chimneys.  In  some  cases  a 
ring  burner  is  provided  in  place  of  the  above. 
The  heating  must  be  arranged  so  that  from  the 
condenser  of  the  boiling  point  vessel  a  drop  of 
liquid  falls  regularly  about  every  5 — 10  seconds. 
As  soon  as  constant  this  temperature  is  noted  as 
the  boiling  point  of  the  pure  solvent. 

A  small  quantity  of  the  substance,  the  molecular 
weight  of  which  has  to  be  determined,  is  now 
added;  if  a  solid,  in  a  compact  form  of  known 
weight;  if  a  liquid,  from  the  previously 
weighed  pipette  with  a  long-drawn-out  capillary, 
in  either  case  care  should  be  taken  to  touch  the 
sides  of  the  tube  as  little  as  possible.  Four  or  five 
additions  of  substance  are  made,  and  the  molecular 
weight  calculated  from  each  separate  measurement. 
Determine  the  molecular  weight  of  camphor  in 
benzene  solution  by  this  method. 

Take  weights  of  camphor  commencing  with  about 
0'5  grm.  and  increasing  by  about  0'5  grm.  each 
time  for  three  times. 

B.  Method  of  Electrical  Heating.  A  very 
convenient  form  of  apparatus  for  molecular  weight 
determination  by  the  elevation  of  the  boiling  point 
method  consists  in  raising  the  liquid  to  the  boiling 
point  by  means  of  an  electrically  heated  spiral  of 
platinum  wire  immersed  in  the  liquid.  The  tube 
is  placed  inside  a  Dewar  vacuum  flask  to  minimise 
radiation  loss.  The  general  arrangement  of  the 
apparatus  is  seen  in  Fig.  4.  A  current  of  about 
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Fig.  4. 
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3  amps,  at  4  volts  is  led  from  the  terminal  T  along 
the  copper  leads  to  spiral  S  of  platinum  wire  about 
'25  mm.  thick,  which  is  soldered  to  the  ends  of  the 
copper  leads.  It  is  important,  to.  ensure  uniform 
boiling,  that  the  wire  spiral  should  be  frequently 
coated  with  a  layer  of  electro-deposited  platinum, 
which  is  afterwards  heated  to  a  dull  red  heat. 
In  this  way,  the  evolution  of  small  bubbles  of 
vapour  from  the  liquor  is  facilitated.  A  glass 
spiral  is  attached  at  W  and  serves  to  condense  the 
vapour  and  allow  the  liquid  to  return  to  the  tube. 
The  solute  is  introduced  at  this  side  tube,  and 
the  whole  experiment  conducted  generally  as  in  the 
case  of  the  Beckmann  method. 

[NOTE.]  The  relation  between  the  elevation  of  Boiling  Point 
and  lowering  of  vapour  pressure  can  be  expressed  as  follows  : 
For  small  changes  of  vapour  pressure 

dp_p(Tl)-p(T) 

dT         T!-T 

where  p(T{)  and  p  (T)  represent  the  vapour  pressures  of  the 
pure  solvent  at  any  two  adjacent  temperatures  T,  and  T. 
Now  let  these  temperatures  denote  the  boiling  point  of  the 
solution  and  pure  solvent  respectively.  Then  ^(T,)  the 
vapour  pressure  of  the  solution  at  its  boiling  point  can  be 
substituted  for  p(T),  so  that 


dT  T.-T 

or       -     = 


Now  every  vaporization  is  governed  by  the  thermodynamic 
relation  first  expressed  by  Clausius  and   Clapeyron, 
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where  q  denotes  the  latent  heat  of  vaporization,  v  the  volume 
in  the  gaseous  condition,  vl  the  volume  in  the  solid  (or  liquid) 
condition,  and  p  the  pressure  at  the  temperature  T.  The 
term  vt  may  be  omitted  as  being  very  small  in  comparison 

to  v,  and  we  have     -Jl=  JL 

Since  v  —   we  ha  ve    — /- 

.  p  dT 

Therefore 

p(T\)—pl(T\)       op    i  T  _rp     j»(T,)—  //(Ti)     RT2 

T.-T       =RT^h  ~Y~          T 

i(*-l)—Pl(*-i)     the  depression  of  the  vapour  pressure  is 


equal  to  — ,  the  ratio  of  the  number  of  molecules  of   solute 

JN 
to   solvent.     Hence    if    S   grams    of    solute    are    dissolved    in 

Q       "DT1- 

100    grams    of    solvent    T1  —  T  =  ^JT^  ,    where  q    is    the 

specific  heat  of  evaporation 

The  expression    RT'  ,     or      °'02T'     is  usually  denoted  by 
the  value  K. 


3.  DENSITY  OF  A  GAS. 

The  density  of  a  gas  at  N.T.P.  is  estimated  by 
finding  the  weight  of  a  known  volume  and  dividing 
by  the  weight  of  an  equal  volume  of  air,  which  is 
free  from  carbon  dioxide  and  water  vapour,  under 
the  same  conditions  of  temperature  and  pressure. 
For  this  purpose,  a  glass  vessel  is  provided  with  two 
openings,  a  plain  tap  at  a,  Fig.  5,  and  a  side  tube 
at  b.  The  tube  c  is  sealed  to  the  barrel  of  the  tap, 
and  can  be  connected  with  b  by  rotating  the  barrel. 
Two  methods  can  now  be  employed  for  calculating 
the  density  of  the  gas  :  — 
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(1)  The  flask  is  weighed  when  full  of  air,  which 
is  dry  and  free  from  carbon  dioxide,  then  exhausted 
and  weighed  again,  and  then  filled  with  the  gas  in 
question,  and  a  third  weighing  made.  If  mQ  is 
the  weight  of  the  vacuous  flask,  m  when  full  of 


Fig.  5. 

air,  and  ml  when  full  of  the  gas,  then  the  density 

of  the  gas  is  given  by^   =  i — I $£*" 

77i  —  m0 

If  the  temperature  and  pressure  have  remained 
the  same  during  the  different  weighings,  then  for 
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Fig.  6. 
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<r,  the  density  of  air,  we  may  put  1,  and  cr1  will 
correspond  to  the  density  of  the  gas  at  N.T.P. 

(2)  The  second  method  consists  in  weighing  the 
vessel  when  filled  with  the  gas,  with  air,  and  with 
water,  respectively. 

In  this  method,  the  flask  can  be  filled  with  the 
gas  by  displacing  the  air. 

Let  W  denote  the  weight  of  water  (or  mercury) 
contained  by  the  vessel,  Dthe  density  of  the  liquid, 
and,  as  before,  m  the  weight  of  the  flask  when  full 
of  air,  and  m-^  when  full  of  gas. 

If  A  is  the  actual  weight  of  the  air,   G  that 

of  the  gas,  then    crl  =  — — 

Now  G-A^Wj  — m  :    .'.  G  =  in-L—m  +  A.t  or  A  = 
War  G    _  m^  —  m      ..  _ml  —  m  D     -, 

"D""        .     *!"  A  "     "AT  ~^T    <r 

The  air  displacement  of  the  bulb  has  not  been 
taken  into  consideration  in  this  formula  when 
weighing  with  water.  The  weight  of  water  (W) 
can  be  corrected  for  air  displacement  by  multiplying 
by  I'OOl,  and  the  expansion  between  4°  and  16° 
may  be  corrected  for,  by  again  multiplying  by 

rooi. 

During  the  weighing  of  the  flask,  it  is  advisable 
to  use  an  exactly  similar  vessel,  which  is  kept 
closed,  as  a  counterpoise.  In  this  way,  compensa- 
tion is  made  for  slight  variations  in  temperature 
and  pressure  and  for  changes  in  the  humidity  of 
the  air,  which  affects  the  amount  of  water  con- 
densed on  the  surface  of  the  glass. 

The  vessels  should  always  be  allowed  to  stand 
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in  the  closed  balance  case  for  a  considerable  time, 
until  the  weight  remains  constant.  A  rough 
balance  can  be  used  for  weighing  the  water,  as  an 
accuracy  beyond  O'Ol  gram  is  not  needed  in  this 
case.  The  vessel  can  most  conveniently  be  evacu- 
ated by  a  Topler  pump,  an  improved  modified  form 
of  which  is  shown  in  Fig.  6.  The  vessel  to  be 
exhausted  is  attached  to  the  tube  T. 

By  raising  the  mercury  reservoir  R,  the  gas  in 
Y  is  driven  down  the  capillary  tube  B,  and  out 
through  the  vessel  A,  containing  mercury  and  into 
the  atmosphere.  By  repeatedly  lowering  the 
mercury  until  Y  is  again  in  connection  with  the 
apparatus  and  again  displacing,  the  pressure  can 
be  reduced  to  any  desired  amount.  The  valve  K 
prevents  the  mercury  from  rising  above  this  point 
on  raising  R. 

The  phosphoric  anhydride  tube  P  takes  up  any 
water  vapour  present. 

The  pressure,  when  reduced  to  a  few  cms.,  is  read 
on  the  vacuum  gauge  G. 

When  filling  the  flask  with  gas  or  air  for  density 
measurement,  care  must  be  taken  that  these  are 
dry,  and,  in  the  case  of  air,  free  from  carbon 
dioxide. 


4.  DENSITY  OF  A  LIQUID  BY  THE 
PYKNOMETEE. 

The    density    is    one    of    the    most    important 
constants  in  determining  the  purity  of  any  definite 
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liquid  substance,  and  in  characterising  any  new 
chemical  compound. 

This  method  of  determining  density  depends 
upon  weighing  a  vessel  full  of  the  liquid  and 
then  weighing  the  same  vessel  filled  to  the  same 
extent  with  water.  It  is  capable  of  giving 
extremely  accurate  results  if  proper  precautions 
are  taken. 

The    Sprengel   form   of   Pyknometer    which   is 


Fig.  7. 

used  for  this  purpose  consists,  as  shown  in 
Fig.  7,  of  a  glass — or  better  fused  silica — IT  tube 
one  limb  of  which  has  a  capillary  bore,  whilst  the 
other  is  widened'  out  and  holds  the  greater  part  of 
the  liquid. 

A  mark  or  constriction  A  on  the  horizontal  end 
of  the  capillary  tube  denotes  the  point  up  to  which 
the  tube  has  to  be  filled.  The  filling  is  carried 
out  by  inclining  the  tube  and  immersing  the  end 
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in  a  small  bottle  or  beaker  which  contains  the 
water  or  other  liquid  required  for  the  experiment. 
At  the  end  A,  a  piece  of  rubber  tubing  is  attached 
and  liquid  is  drawn  into  the  tube  so  that  it  fills 
the  vessel  to  more  than  the  mark  A.  The  tube  is 
now  brought  into  the  upright  position  so  that  the 
arms  A  and  B  are  horizontal,  and  is  immersed  in 
a  water  bath  at  some  constant  temperature,  say 
18°,  after  it  has  remained  long  enough  to  take 
the  temperature  of  the  bath  (in  all  cases  this 
temperature  must  be  noted)  the  liquid  can  be  with- 
drawn from  the  capillary  end  by  touching  with 
filter  paper  and  is  adjusted  accurately  to  the 
mark  A.  The  Pyknometer  is  then  carefully  dried 
on  the  outside  and  weighed  as  accurately  as 
possible  on  a  delicate  balance. 

The  process  described  above  must  be  carried 
out  with  the  tube  filled  first  with  water,  then  with 
the  liquid  the  density  of  which  is  required.  The 
accurate  weight  of  the  empty  and  dry  Pyknometer 
must  also  be  determined.  The  tube  can  be  dried 
by  drawing  air  through  it  after  it  has  been  well 
heated  in  an  air  oven,  or  else  over  a  Bunsen  flame. 

It  is  essential  that  the  temperature  of  the  water 
bath  in  which  the  tube  is  immersed  should  be 
exactly  the  same  in  the  case  of  the  water  as  in 
that  of  the  liquid  experimented  with. 

With  a  vessel  holding  5  cc.  results  accurate  to 
±0'0001  should  be  obtained. 
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5.  HEAT  OF  NEUTRALISATION . 

Prepare  250  cc.  each  of  half  normal  or  of 
normal  sodium  hydrate  and  hydrochloric  acid  (or 
sulphuric  acid),  and  determine  accurately  their 
strength.  The  caustic  soda  must  be  as  free  as 
possible  from  carbonate  and  therefore  should, 
before  being  standardised,  be  treated  with  a  little 
solid  barium  hydrate,  and  afterwards  kept  well 
corked. 

Two  calorimeters,  complete  with  covers,  and 
two  thermometers,  whose  readings  have  been 
compared  with  each  other,  are  required.  In  one 
calorimeter  is  placed  the  metal  vessel  in  which 
the  reaction  is  to  be  carried  out,  and  which  should 
rest  on  a  thin  disc  of  cork.  A  measured  quantity 
of  the  standard  alkali  should  be  poured  in,  and 
one  of  the  thermometers  inserted.  An  equivalent 
quantity  of  the  acid  is  placed  in  a  small  glass 
flask  in  the  second  calorimeter  together  with  a 
thermometer.  The  two  solutions  should  be 
brought  to  approximately  the  same  temperature 
and  the  temperature  of  each  read  at  intervals  for 
a  few  minutes.  As  soon  as  the  temperature  of 
each  is  constant  or  changing  at  a  uniform  rate, 
the  flask  containing  the  acid  is  removed  from  its 
calorimeter  and  the  contents  poured  rapidly  into 
the  metal  vessel  containing  the  alkali.  The 
liquid  is  stirred  with  the  thermometer  and  again 
temperature  readings  are  made. 
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In  such  cases  as  the  above,  where  we  are  dealing 
with  the  heat  of  reaction  between  an  acid  and  a 
base,  the  heat  change  is  very  rapid,  so  that  usually 
no  allowance  has  to  be  made  for  the  loss  through 
cooling.  In  cases  where  the  maximum  tempera- 
ture is  not  immediately  attained,  however,  read- 
ings must  be  taken  at  intervals  of  £>ne  half  minute 
and  continued  until  the  fall  of  temperature 
becomes  very  regular.  The  cooling  loss  has  then 
to  be  calculated  by  the  method  described  below 
(p.  38).* 

The  heat  changes  of  the  solutions  can  be 
represented  diagrammatically  as  shown  by  the 
curves  in  Fig.  8;  a  here  represents  the  tempera- 


Time. 
Fig.  8. 

*See    also    Schuster    and    Lees'    "Exercises     in     Practical 
Physics,"  p.  126. 


HEAT   OF  NEUTRALISATION  25 

ture  of  the  acid,  b  that  of  the  base,  and  c  that  of 
the  mixed  solutions. 

If  q  is  the  quantity  of  heat  in  calories  of  the 
chemical  reaction,  A  the  specific  heat  of  one 
solution,  B  of  the  other,  t  the  final  temperature 
(maximum,  corrected),  ta  and  tb  the  initial 
temperatures  (corrected),  b  the  water  equivalent 
of  the  calorimeter  with  thermometer,  etc., 
then  q=JL(t-ta)  +  (B+b)(t-tb). 

For  A  and  B,  we  may  take  the  specific  heat 
of  the  same  volume  of  water  as  the  solution 
measured.  So  far  as  b  is  concerned  we  can 
calculate  the  water  equivalent  of  the  calorimeters 
from  the  weight  of  the  vessel,  multiplied,  in  the 
case  of  platinum,  by  0'0320  and  in  the  case  of 
copper  by  0'093,  the  respective  specific  heats  of 
those  metals. 

For  the  water  equivalent  of  the  thermometer, 
since  we  do  not  know  the  relative  weights  of 
mercury  and  glass  of  which  it  is  constructed,  we 
can  make  use  of  the  fact  that,  volume  for  volume, 
mercury  and  glass  have  about  the  same  specific 
heat,  i.e.}  0'47  per  cc.  The  volume  of  the  thermo- 
meter immersed  can  be  measured  by  inserting  in 
a  narrow  measuring  cylinder  or  inverted  burette 
partially  filled  with  water,  and  finding  the  dis- 
placement. 

In  place  of  the  ordinary  form  of  calorimeter, 
great  accuracy  can  be  obtained  in  these  thermo- 
chemical  measurements  by  the  use  of  a  Dewar 
vacuum  cylinder  in  which  the  heat  losses  to  the 
surroundings  are  minimised. 


26  CALORIMETRY 

The  water  equivalent  of  the  mixing  vessel  must 
of  course  first  be  ascertained.  This  is  most  con- 
veniently done  by  adding  a  known  weight  of 
warm  water,  and  finding  the  fall  in  temperature, 
or  else  by  adding  a  weighed  solid  body,  of  known 
specific  heat  and  heated  to  a  definite  temperature, 
to  the  flask  containing  a  known  amount  of  water 
and  noticing  the  change  in  temperature. 

In  accordance  with  the  theory  of  electrolytic 
dissociation,  the  heat  of  neutralisation  of  any 
completely  dissociated  (strong)  acid  with  any 
dissociated  base  is  a  constant,  since,  in  these  cases, 
the  sole  reaction  consists  in  the  union  of  the  H' 
and  OH7  ions. 


6.  DETERMINATION  OF  THE  CALORIFIC 
POWER  OF  GASES  BY  MEANS  OF 
JUNKERS'  CALORIMETER, 

The  apparatus  of  Junkers'  has  been  designed  for 
determining  the  heating  power  of  gases,  and  is 
constructed  on  the  following  principle. 

The  gas  is  burnt  in  a  special  burner  which  is 
placed  in  a  space  surrounded  by  a  jacketed  vessel 
through  which  water  is  kept  flowing.  The  vessel 
is  so  constructed  that  practically  all  the  heat  given 
off  by  the  burning  gas  is  absorbed  by  the  water. 

Measurements  (1)  of  the  amount  of  gas  burn- 
ing, (2)  of  the  rate  of  flow  of  water  through  the 
jacketed  vessel,  and  (3)  of  the  difference  in  the 
temperature  of  the  water  on  entering  and  on  leav- 
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ing  the  apparatus,  enable  us  to  calculate  the 
heating  power  of  the  gas. 

The  construction  of  the  calorimeter  can  be  seen 
from  Fig.  9. 

A  flame  (A)  is  introduced  into  a  combustion 
chamber  formed  by  an  annular  copper  vessel,  the 
annular  space  being  traversed  by  a  large  number 
of  copper  tubes  connecting  the  roof  with  the 
bottom  chamber  (B). 

The  heated  gases  circulate  inside  the  tubes  from 
the  top  to  the  bottom,  whilst  a  current  of  water 
ascends  outside  the  tubes  in  the  opposite  direction. 

By  means  of  this  arrangement  of  counter 
currents,  all  the  heat  produced  by  the  flame  is 
transferred  to  the  water  and  the  spent  gases  escape 
through  the  throttle  at  atmospheric  temperature. 

The  pressure  of  the  water  current  is  kept  con- 
stant by  two  overflows  (C)  and  (D),  and  the 
quantity  of  water  passing  through  the  apparatus 
can  be  regulated  by  the  stopcock  (E).  A  baffle 
plate  (F)  surrounds  the  lower  end  of  the  tubes  to 
ensure  an  even  distribution  of  the  water,  and  in 
the  neck  of  the  apparatus,  at  (H)  several  discs  with 
cross  slots  are  arranged  to  ensure  an  intimate  mix- 
ture of  the  heated  water  before  it  reaches  the 
thermometer. 

Provision  is  made  to  collect  the  water  which  is 
formed  during  the  combustion  of  the  gas  in  the 
annular  space  (K)  and  to  pass  it  into  a  measure 
glass  through  the  tube  (L). 

To  prevent  radiation  the  whole  body  of  the 
apparatus  is  enclosed  in  an  air  jacket  formed  by  a 
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Fig.  9. 
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nickel-plated  copper  cylinder.  As  the  standard 
unit  of  heat,  the  Calorie,  is  used  (i.e.,  the  amount 
of  heat  required  to  raise  the  temperature  of  1  kilo 
(1  litre)  of  water  1°). 

If  British  Thermal  Units  are  required,  the 
result  in  Calories  has  only  to  be  multiplied  by  the 
factor  4  (more  correctly  3'968). 

The  following  apparatus  is  required :  — 

(1)  A  water  supply  capable  of  passing  from  1  to 
3  litres  per  minute. 

(2)  A  correct  experimental  gas  meter  calibrated 
to  pass  1/10  cubic  feet  for  one  revolution  of  the 
large  index  pointer. 

(3)  Two   graduated   measuring   glasses    100  cc. 
and  1  litre. 

It  is  advantageous  to  pass  the  gas  through  a  gas 
governor  to  ensure  even  pressure  during  the  tests. 

The  calorimeter  is  placed  as  shown  in  Fig.  9  so 
that  one  operator  can  observe  the  two  thermometers 
of  the  entering  and  escaping  water,  while  a  second 
operator  reads  the  index  of  the  gas  meter  and  at 
the  same  time  reads  the  volume  of  water  in  the 
large  measuring  cylinder. 

No  draught  of  air  must  be  permitted  to  strike 
the  exhaust  of  the  spent  gas. 

The  water  supply  tube  is  connected  to  the  tube 
(M)  in  the  centre  of  the  upper  container ;  the  other 
tube  (N)  is  provided  with  a  waste  pipe  to  carry 
away  the  overflow.  This  overflow  must  be  kept 
running  while  the  readings  are  being  taken,  and 
in  order  to  observe  this,  a  short  piece  of  glass  tube 
may  be  inserted  in  the  waste  tube. 
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The  tube  (P),  through  which  the  heated  water 
leaves  the  calorimeter,  is  connected  by  an  india- 
rubber  tube  with  the  large  measuring  cylinder. 

The  smaller  measuring  cylinder  is  placed  under 
the  tube  (L)  to  collect  the  condensed  water. 

After  the  thermometers  have  been  placed  in 
position  with  their  indiarubber  plugs,  the  water 
supply  is  turned  on  by  the  cock  E,  and  the  calori- 
meter filled  with  water  until  it  begins  to  discharge 
at  P. 

At  the  end  of  the  experiment,  the  calorimeter  is 
emptied  by  the  tap  T. 

Working  the  Calorimeter.  For  gases  of  high 
calorific  power  (e.g.,  illuminating  gas)  the  burner 
furnished  with  the  calorimeter  should  be  used,  for 
gases  of  lower  power  (e.g.,  hydrogen,  carbon  mon- 
oxide, Dowson  or  Mond  gas)  the  plain  metal  tube 
serves  as  a  burner. 

The  calorimeter  has  a  maximum  capacity  of 
absorbing  2,500  calories  per  hour,  the  quantity  of 
gas  burned  during  the  tests  should  therefore  be 
regulated  so  that  the  flame  produces  only  about 
1,000  to  1,500  calories  per  hour.  This  will  be 
the  case  if  the  respective  gases  were  burned  at 
the  rate  of  the  following  quantities  per  hour :  — 

Illuminating  Gas      ...       4  to     8  cubic  feet. 

Hydrogen    8  to  16  cubic  feet. 

Dowson  Gas        16  to  32  cubic  feet. 

Before  beginning  experiments,  try  whether  the 
gas  conduit  from  the  meter  to  the  apparatus  is 
perfectly  tight  by  opening  the  supply  from  the 
main,  closing  the  taps  on  the  burner,  and  observ- 
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ing  that  the  indicating  pointer  of  the  meter 
remains  stationary;  then  turn  on  the  water,  and 
fill  the  calorimeter  until  the  water  appears  at  the 
discharge  tube,  making  sure  that  the  overflow  is 
working  freely. 

The  burner  must  not  be  lighted  until  sufficient 
gas  has  been  passed  to  displace  all  the  air  from 
the  meter,  etc.,  it  must  also  be  lighted  outside  the 
combustion  chamber  to  avoid  explosions  of  accu- 
mulated gas. 

Insert  the  burner  so  that  the  flame  is  5  or  6 
inches  above  the  lower  edge  of  the  apparatus. 
When  the  flame  is  burning  and  the  water  flowing 
the  temperature  of  the  water  at  the  discharge  will 
begin  to  rise;  and,  within  a  few  minutes,  the 
exit  thermometer  will  remain  approximately 
stationary. 

The  cock  (E)  regulates  the  quantity  of  water 
passing  through  the  calorimeter.  The  smaller  the 
quantity  of  water  the  higher  will  its  temperature 
become.  Ten  to  twenty  degrees  is  the  suitable 
rise  in  temperature  to  work  with. 
Taking  the  Readings. 

When  the  pointer  of  the  gas  meter  passes  zero, 
or  a  whole  figure,  transfer  the  hot-water  tube 
from  over  the  waste  into  the  measuring  vessel 
and  read  and  note  down  the  temperature  of  the 
hot-water  thermometer  every  half  minute  while 
the  vessel  is  being  filled. 

The  cold-water  thermometer  can  be  similarly 
observed,  but  will  probably  remain  fairly 
stationary.  As  soon  as  the  quantity  of  water 
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reaches  some  definite  mark  on  the  measuring 
vessel  read  the  gas  meter.  The  following  read- 
ings will  serve  as  an  example  . 


Cold 
Water 
Thermo- 
Gas  Meter.  meter. 

5  cubic  feet         8' 77° 


5-344 


Hot 
Water 
Thermo- 
meter. 

26-75° 
26-70° 

26-82° 
26-80° 
26-75° 
26-80° 


Water. 


2  litres 


Gas    burnt 

0-344  cub.  ft.  8-77°  mean.  26'77°  mean.  2  litres. 

The  following  equation  will  give  the  heating 
value  of  the  gas  :  — 

W.T  . 
~G~ 

where  H  is  the  calorific  value  of  one  cubic  foot 
of  gas. 

W  is  the  quantity,  in  litres,  of  water  heated. 

T  is  the  difference  in  temperature  of  the  inflow- 
ing and  outflowing  water. 

G  is  the  quantity  in  cubic  feet  of  gas  burnt 
during  the  experiment. 

In  the  example  given  H=- =104'65  Calories. 

It  should  be  observed  that  this  is  a  "  gross  " 
value  which  represents  the  total  heat  generated  by 
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the  flame  and  includes  the  latent  heat  of  the  steam 
which  condenses  in  the  calorimeter  and  which  is 
measured  in  the  small  cylinder. 

This  latent  heat  is  not  however,  as  a  rule  used 
in  processes  where  gas  is  being  burnt,  so  that  the 
water  which  is  formed  escapes  as  steam. 

Consequently,  it  is  important  to  ascertain  the 
"  nett "  value  by  deducting  this  value  for  the 
latent  heat,  which  in  many  cases  amounts  to  about 
10%  of  the  gross  value. 

To  make  this  deduction,  an  allowance  of  0'6 
Calories  must  be  made  for  every  c.c.  of  the  water 
condensed. 

It  is  well  to  make  a  series  of  determinations  of 
the  gross  calorific  value  for  each  2  litres  of  water 
collected,  and  then  to  measure  the  water  condensed 
throughout  the  whole  series. 

Supposing  2  cubic  feet  of  gas  condense  53  c.c. 
of  water,  we  should  ascertain  the  calorific  value  of 
the  latent  heat  of  the  condensed  water  thus  :  — 

0-6x53       1R.Q  n  ,     • 
- =15'9  Calories. 

tu 

which  should  be  deducted  from  the  gross  value, 
leaving  the  nett  calorific  value  equal  to  88' 75 
Calories  per  cubic  foot. 

Some  4  or  5  determinations  should  be  made,  the 
gas  being  burnt  at  various  rates  between  4  and  8 
cubic  feet  per  hour. 

The  reading  of  the  two  thermometers  used  must 
be  compared  by  placing  together  in  a  beaker  of 
water  at  the  same  temperature. 


7.  HEAT  OF  COMBUSTION.    MAHLER-COOK 
BOMB. 

This  is  a  modification  of  the  Berthelot  Mahler 
bomb  and  provides  for  the  combustion  of  the  sub- 
stance under  investigation  in  an  atmosphere  of 
oxygen  under  pressure  in  a  steel  vessel.  By  con- 
ducting the  reaction  in  a  suitable  calorimeter,  the 
rise  in  temperature  produced  enables  the  calcula- 
tion of  the  heat  of  reaction. 

Description  of  Bomb.  This  consists  of  an 
enamel-lined  steel  vessel  capable  of  withstanding 
high  pressures. 

The  cover  A  (Fig.  10)  is  screwed  on  to  the  lower 
part  D  and  a  gas  tight  connection  is  made  by  means 
of  the  lead  spigot  at  C.  Two  stout  platinum  wires 
pass  through  the  cover,  one  (T)  being  insulated  from 
it  by  means  of  a  quartz  plug.  The  wires  are  con- 
nected to  the  two  terminals  and  serve  to  lead  the 
current  to  the  connecting  spiral  of  thin  wire  at  S. 
One  of  the  wires  is  bent  round  in  the  form  of  a 
loop  so  as  to  support  a  crucible  which  may  be  of 
platinum,  porcelain,  or  silica.  The  spiral  is 
arranged  to  touch  the  combustible  solid,  which  can 
be  ignited  by  fusing  the  connecting  wire  S,  by  the 
passage  of  an  electric  current. 

Experiment.  Open  the  bomb  by  unscrewing  the 
large  nut  (B)  at  the  top  of  the  cylinder.  Remove 
the  cover,  taking  care  not  to  bend  the  suspended 
wires,  and  place  upright  on  an  iron  stand.  Place 
the  crucible,  which  has  been  carefully  cleaned,  in 
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Fig    10 
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position  in  the  ring  of  platinum  wire.  A  piece  of 
fine  wire  of  platinum  or  iron,  about  16  cms.  long 
is  made  into  a  spiral  by  coiling  it  round  a  piece  of 
glass  rod.  The  spiral  is  then  connected  between 
the  two  pieces  of  thick  platinum  wire  by  twisting 
the  ends  round. 


Fig.  lOa. 

By  means  of  a  special  press,  the  combustible 
substance  is  compressed  in  the  form  of  a  cylinder. 
(In  the  case  of  hard  substances  like  coal,  the  solid 
must  be  first  finely  powdered  and  then  compressed.) 
A  convenient  form  of  press  for  this  purpose  is  shown 
in  Fig.  lOa.  The  material  is  then  weighed,  about 
1  gram  being  taken,  and  placed  in  a  crucible.  The 
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coil  of  wire  is  then  pushed  down  on  to  it,  and 
contact  ensured.  The  cover  is  then  placed  in 
position,  taking  care  that  the  ring  of  lead  and  the 
steel  ridge  are  clean.  Any  lead  which  has  been 
pressed  out  of  the  ring  should  be  bent  over  again. 

The  nut  B  is  then  screwed  down,  the  bomb 
being  held  by  the  bottom  nut  C  in  a  hexagonal 
slot  in  an  iron  plate,  and  the  nut  B  screwed  up 
tight  with  a  large  spanner. 

The  bomb  is  then  connected  at  E  with  an 
-oxygen  cylinder  and  pressure  gauge.  The  valve 
screw  F  on  the  bomb  is  then  closed.  (Force  need 
not  be  used  with  this  valve.)  The  valve  on  the 
•oxygen  bottle  is  then  opened  slowly  and  cautiously 
(to  avoid  a  sudden  thrust  of  pressure  on  the  gauge) 
until  the  pressure  gauge  shows  that  the  gas  is  being 
emitted,  when  the  valve  F  is  opened  slightly,  and 
the  gas  allowed  to  enter  slowly.  When  the  pressure 
reaches  25  atmospheres,  both  valves  are  closed  and 
the  bomb  disconnected.  A  leak  can  usually  be 
detected  by  the  sound. 

The  Calorimeter.  The  outer  enclosure  is  filled 
with  water  at  the  temperature  of  the  room,  and  2*5 
litres  of  water  at  about  the  same  temperature, 
after  being  carefully  measured,  are  placed  in  the 
•calorimeter.  This  is  dried  on  the  outside  and 
placed  in  the  enclosure,  where  it  rests  on  three 
pieces  of  cork. 

The  Beckmann  thermometer — previously  ad- 
justed so  that  the  mercury  is  near  the  bottom  of 
the  scale  at  the  temperature  of  the  water  (see  page 
2) — is  then  placed  in  position  in  the  calorimeter. 
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The  stirrer  is  now  set  in  motion  and  temperature 
readings  are  taken  every  minute. 

When  the  temperature  is  quite  steady  or  chang- 
ing at  a  uniform  rate,  the  readings  are  taken  for 
another  5  minutes  or  longer. 

At  a  known  moment  the  charge  is  fired  by 
closing  the  electrical  circuit  of  about  20  volts  by 
means  of  the  plug  key.  Temperature  readings  are 
now  taken  every  half  minute  until  the  fall  of 
temperature  has  become  quite  regular,  the  stirrer 
being  kept  in  gentle  motion  the  whole  time. 

Immediately  the  experiment  is  finished,  the 
bomb  must  be  opened,  taking  care  to  first  release 
the  valve  F  to  liberate  the  gas.  The  crucible  is 
then  examined  to  see  if  all  the  substance  has 
burnt,  and  the  bomb  is  then  well  washed  out  with 
dilute  alkali  and  then  with  water.  This  precau- 
tion must  be  taken  as  soon  as  possible  after  .the 
experiment  in  order  to  remove  the  nitric  acid 
formed  during  the  combustion,  which,  if  left,  will 
corrode  the  lining  and  roof  of  the  bomb.  After 
carefully  drying  the  bomb,  the  crucible  should  be 
filled  with  calcium  chloride  and  the  cover  replaced. 

Correction   of    Temperature    Readings    for    Heat 

Exchange  with  Surroundings. 
The  magnitude  of  the  heat  exchange  with  the 
surroundings  is  proportional  to  the  difference  of 
temperature  between  the  calorimeter  and  the 
enclosure.  The  correction  for  this  error  is  made  in 
these  experiments  by  noticing  the  change  in 
temperature  of  the  calorimeter  before  ignition  has 
taken  place  (known  as  the  first  period),  and  then 
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after  the  combustion,  an  estimation  is  made  of  the 
change  in  temperature  of  the  calorimeter  after  the 
maximum  temperature  has  been  reached.  For  this 
purpose,  readings  must  be  taken  for  about  5  minutes 
after  the  fall  has  become  steady. 

Readings    should    be    made    and    entered    as 
follows:-  First 


Time  (mins.) 
0 
01 
1 


3 

31 

4 


Temp. 

0-953 
0-955 
0-957 
0-958 
0-960 
0-963 
0-964 
0-966 
0-969 


Material  Ignited.     Second  Period. 


Time. 
41 

Temp. 

1-5 

Cooling  in 
Interval. 

-o-oooi 

Total 
Loss. 

-o-oooi 

52 

2-1 

+  0-0010 

+  0-0009 

54 

6 

2-3 
2-4 

0-0015 
0-0016 

0-0024 
0-0040 

61 

7 

2-45 
2-47 

0-0018 
0-0018 

0-0058 
0-0076 

71 

2-496 

0-0019 

0-0095 

8 

2-503 

0-0020 

0-0115 

81 
9 

2-508 
2-510 

0-0020 
0-0020 

0-0135 
0-0155 

91 
10 

2-512 
2-511 

0-0020 
0-0020 

0-0175 
0-0195 
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Time 

101 

11 

11* 

12 

12* 
13 

13* 
14 

14* 
15 

15* 

16 


The  time  and  temperature  columns  are  first 
filled  in,  and  from  these  the  rates  of  cooling  in 
the  first  and  third  periods  are  estimated.  In  the 
above  cases,  these  are  respectively  —  0"002  and 
+  0"002  degrees  per  minute,  the  negative  rate  of 
cooling  denoting  that  the  temperature  is  here 
rising.  A  straight  line  is  drawn  through  the  points 
at  -'002  and  '9  and  at  '002  and  2*5  (c.f.  Tig.  11). 
From  this  curve,  the  cooling  at  intermediate 
temperatures  can  be  estimated  and  the  columns 
filled  in.  It  is  then  seen  that — 

Corrected  maximum  temperature     =2'531 
Initial  temperature      =0*969 


Third  Period. 

Temp. 
2-510 

Cooling  in 
Interval. 

0-0020 

Total         Corrected 
Loss.       Temperature. 

0-0215       2-5315 

2-508 

0-0020 

0-0235 

2-5315 

2-507 

0-0020 

0-0255 

2-5325 

2-505 

0-0020 

0-0275 

2-5325 

2-504 

0-0020 

0-0295 

2-5335 

2-502 

0-0020 

0-0315 

2-5335 

2-500 

0-0020 

0-0335 

2-5335 

2-498 

0-0020 

0-0355 

2-5335 

2-496 

0-0020 

0-0375 

2-5335 

2-493 

0-0020 

0-0395 

2-5325 

2-490 

0-0020 

0-0415 

2-5315 

2-488 

0-0020 

0-0435 

2-5315 

Rise  in  temperature     ...         1'562 
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The  heats  of  combustion  of  the  following  sub- 
stances are  given :  — 

Naphthalene  9668  calories  per  gram. 

Camphor 9330        ,,         ,,       ,, 

Iron  (ignition  wire)     1650        ,,         ,,       ,, 

Experiment  1.  Using  naphthalene  or  camphor, 
determine  the  water  equivalent  of  the  bomb  and 
calorimeter. 

Experiment  2.  Determine  the  heat  of  combus- 
tion of  a  sample  of  coal. 

•003 


•002 

•00 
"001 

—002 

^ 

^ 

^x 

^ 

x* 

X* 

X^ 

X* 

•&      //       f-3      /-S     /•/     /&     &     2-3      2-J~    2'/     26 

Temperature. 
Fig.  11. 

In  exact  measurements  of  calorific  values,  an 
•estimation  must  be  made  of  the  amount  of  oxides 
of  nitrogen  formed  during  the  combustion.  An 
.analysis  of  the  residual  gas  must,  for  this  purpose, 
be  made,  and  the  heat  absorbed  in  the  formation 
•of  the  oxides  of  nitrogen  allowed  for. 
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8.  CALIBRATION  OF  SLIDE  WIRE  BRIDGE. 

METHOD  OF  STROITHAL  AND  BARUS. 
Since  no  wire  can  be  drawn  of  accurately  the 
same  diameter  even  if  the  material  of  which  it 
is  made  is  uniform,  it  follows  that  in  the  same 
lengths  of  wire  the  resistance  will  vary  slightly 
from  one  case  to  another.  For  use  in  accurate 
electrical  measurements  it  is  necessary  to  know 
what  corrections  to  apply.  The  difficulty  of 
directly  measuring  the  resistance  of  a  short  length 


Fig,  12. 

of  wire  in  a  middle  of  a  long  piece  lies  in  the 
uncertainty  of  making  a  contact  with  other  wires 
which  shall  be  free  from  resistance.  In  the 
method  of  Strouhal  and  Barus,  which  is  based  on 
the  Wheatstone  Bridge  principle ,  these  contact 
resistances  do  not  interfere  with  the  measure- 
ment. 

Ten  approximately  equal  resistances  are  pro- 
vided, the  sum  of  which  is  about  the  same 
resistance  as  that  of  the  wire  to  be  calibrated. 
These  resistances  are  in  the  form  of  wire  coils 
(Fig.  12)  soldered  on  to  copper  wires,  for  protection 
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they  are  mounted  in  glass  tubes.  The  ends  of  the 
copper  wire  are  amalgamated  and  dip  into  mercury 
cups  (H)  arranged  on  a  long  board  (Fig.  13), 
which  is  placed  parallel  with  the  meter  bridge 
(M).  The  end  mercury  cups  are  connected  by 
copper  wires  (D)  with  the  ends  of  the  bridge. 
The  method  of  calibration  consists  in  finding 
lengths  of  wire  at  different  positions  along  the 
meter  bridge,  which  are  of  equal  resistance. 

For  measurement  we  require  a  source  of  current 


H     H 


and  an  instrument  for  detecting  when  exact 
compensation  has  been  effected.  We  may  use 
either  an  induction  coil  and  a  telephone,  or  a 
storage  cell  and  a  sufficiently  delicate  galvano- 
meter, e.g.,  a  simple  astatic  galvanometer. 

The  apparatus  is  arranged  as  shown  in  the 
figure,  the  source  of  current  (E)  being  connected 
to  the  ends  a  and  b  of  the  bridge  whilst  the 
measuring  instrument,  (galvanometer  G),  is  con- 
nected with  the  slider  on  the  .bridge  and  with  the 
several  mercury  cups  in  turn  as  the  experiment 
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proceeds.  One  of  the  resistances  must  be  chosen 
as  the  standard  and  marked  to  distinguish  it  from 
the  others,  but  it  is  of  no  importance  which 
particular  one  is  chosen. 

The  "  standard "  coil  (V)  having  been  placed 
between  cups  1  and  2,  the  current  connections  are 
made  and  the  measuring  instrument  wire  placed 
in  cup  2,  and  a  point  on  the  meter  wire  found  at 
which  no  current  passes. 

The  coil  Y  is  now  interchanged  with  that 
between  2  and  3,  and,  without  moving  the  galvano- 
meter wire  from  2,  another  reading  is  taken,  the 
galvanometer  wire  is  now  placed  in  3  and  a  read- 
ing taken.  The  difference  between  these  last  two 
readings  corresponds  to  a  length  of  the  meter  wire, 
the  resistance  of  which  is  the  same  fraction  of  the 
total  resistance  of  the  meter  wire,  as  Y  is  of  the 
sum  of  the  ten  resistances. 

The  coil  Y  is  now  brought  between  3  and  4, 
the  readings  taken  with  measuring  instrument 
wire,  first  in  3,  and  then  in  4,  and  a  similar 
process  continued  until  Y  has  finally  reached  a 
position  between  10  and  11,  where  only  one  read- 
ing is  necessary,  i.e.,  with  the  wire  in  No.  10.  By 
this  means,  the  wire  has  been  divided  up  into  ten 
lengths  of  equal  resistance  and  which  are  each 
approximately  a  tenth  of  the  total  length  of  the 
wire  (column  3  in  table  below).  These  ten  lengths 
are  added  together,  the  difference  of  the  sum  from 
1000  mm.  divided  by  10  and  each  single  value 
corrected  by  this  amount,  so  that  now  the  sum  of 
the  ten  is  exactly  1000mm.  (column  5).  If 
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these  single  corrected  values  are  now  added  as 
follows:  1,  1  +  2,  1  +  2+3,  we  obtain  points  which 
correspond  to  successive  tenths  of  the  wire  (column 
6),  and  the  difference  of  these  values  from  100, 
200,  300,  etc.,  as  shown  in  column  7,  are  the 
corrections  to  be  applied  at  the  corresponding 
places. 

EXAMPLE. 

'sl.s   1  1 .  -         *  -          *-•         -* 


£s 

Left  hand. 
Terminal 

49    — 

Right  hand, 
mm 
98.2 

g-g 
98.2 

PO 
-0.27 

1 
97.93 

3  «•> 
02 

97.93 

"8 
+  2.1 

99.3 

200.1 

100.8 

-0.27 

100.53 

198.46 

+  1.5 

201.5 

302.6 

101.1 

-0.27 

100.83 

299.29 

+  0.7 

299.4 

400.2 

100.8 

-0.27 

100.53 

399.82 

+  0.2 

400.8 

501.7 

100.9 

-0.27 

100.63 

400.45 

-0.4 

500.3 

598.3 

98.0 

-0.27 

97.73 

498.18 

+  1.8 

600.7 

699.5 

99.8 

-0.27 

99.53 

597.71 

+  2.3 

700.2 

801.2 

101.0 

-0.27 

100.73 

698.44 

+  1.6 

798.1 

900.3 

102.2 

-0.27 

101.93 

800.37 

-0.4 

900.1       Terminal     99.9       -0.27        99.63       1000.00 


Sum  of  equal  lengths  1002.7  1000 

9.  CALIBEATION    OF    AN    AMMETEE    BY 
MEANS  OF  THE  WATEE  YOLTAMETEE. 

The  measurement  of  an  electric  current,  so  far 
as  the  quantity  of  electricity  carried  by  it  is 
concerned,  can  be  determined  by  measuring  its 
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chemical  effects.  Faraday  was  the  first  to  measure 
accurately  the  chemical  change,  and  to  show 
that  the  same  quantity  of  electricity  always 
has  the  same  chemical  effect  when  the  same 
chemical  process  is  considered;  and  further,  that 
when  the  same  current  produces  chemical  changes 
in  more  than  one  process  these  effects  are  pro- 
portional to  the  chemical  equivalents  concerned  in 
the  different  processes. 

An  electrolytic  cell  arranged  with  a  view  to  its 
use  as  an  instrument  for  measuring  electric 
currents  is  called  a  voltameter;  those  most 
commonly  in  use  being  the  copper,  silver  and  so- 
called  water  voltameters.  The  water  voltameter 
consists  really  of  an  acid  or  alkaline  electrolyte, 
which,  on  electrolysis,  gives  the  hydrogen  and 
oxygen  in  the  same  proportions  as  they  are  present 
in  water.  Such  electrolytic  processes  are  chosen 
for  voltameter  purposes,  which  proceed  as  simply 
as  possible  and  in  which  therefore  the  secondary 
reactions,  which  generally  occur  at  the  electrodes, 
are  as  little  developed  as  possible.  With  the  water 
voltameter  these  secondary  reactions  are  sometimes 
rather  marked  and  precautions  must  be  taken  for 
obtaining  accurate  results.  For  example,  when  a 
sulphuric  acid  solution  is  electrolysed,  instead  of 
the  process  proceeding  simply  and  giving  1  volume 
oxygen  to  2  volumes  hydrogen,  we  may  get  per- 
sulphuric  acid  and  ozone  formed,  both  of  which 
lessen  the  volume  of  oxygen  evolved.  It  is  there- 
fore necessary  to  choose  carefully  tne  proper 
conditions  of  current  density,  temperature,  con- 
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centration  and  nature  of  electrolyte  to  lessen  the 
secondary  reactions  as  much  as  possible. 

The  water  voltameter  due  to  Oettel  consists  of  a 
small  cell  with  concentric  nickel  electrodes,  the 
electrolyte  being  15  per  cent,  sodium  hydrate. 
In  this  cell,  only  with  high  current  densities,  i.e., 
large  current  in  proportion  to  electrode  surface, 
is  there  likely  to  be  any  discrepancy  due  to 
secondary  reactions. 

In  order  to  calibrate  the  ammeter,  it  is  placed 
in  series  with  an  adjustable  resistance  and  with 
the  water  voltameter,  so  that  the  same  current 
passes  through  the  whole  circuit,  the  smaller 
internal  electrode  should  be  made  positive  and  on 
it  the  oxygen  is  evolved. 

From  five  to  ten  points  on  the  ammeter  scale 
should  be  calibrated,  two  separate  determinations 
of  each  reading  being  taken. 

For  the  low  readings,  a  small  eudiometer  can 
be  used,  but  for  the  larger  values  it  is  better  to 
collect  a  larger  volume  in  a  measuring  cylinder. 

Correct  each  gas  reading  to  N.T.P.  allowing 
for  the  pressure  of  the  water  vapour. 

In  order  to  obtain  accurate  and  concordant 
results  the  volume  of  gas  collected  should  not  be 
too  small,  so  as  to  reduce  as  much  as  possible  the 
errors  in  the  time  measurement.  One  Amp. 
minute  gives  10'44  cc.  electrolytic  gas  (at  N.T.P.). 

Tabulate  results  as  follows :  — 
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Current  calculated 

Reading.  from  gas  evolved. 

Amps.  Amps. 

•1  "095 

•25           '245 

•50           -518 

1-25           1-325 

1-5.0           1-590 

1-75           1-86 

2-00           2-20 

The  current  must  be  kept  constant  during  any 
particular  measurement. 

A  curve  constructed  from  such  a  series  of 
readings  and  corrections  would  enable  the  ammeter 
to  be  used  for  accurate  experiments. 

10.  CHARGE  AND  DISCHARGE   OF  AN 
ACCUMULATOR. 

Theoretically  any  reversible  cell  can  be  used  as 
an  accumulator  of  electrical  energy.  For  instance, 
in  an  ordinary  Daniell  cell,  consisting  of  copper 
in  copper  sulphate,  and  zinc  in  zinc  sulphate 
solution,  when  current  is  taken  out,  a  solution  of 
the  zinc  and  deposition  of  the  copper  occurs,  while, 
if  a  current  is  passed  through  it  in  the  opposite 
direction,  it  is  brought  back  to  its  initial  condi- 
tion by  the  redissolving  of  the  copper  and  the 
deposition  of  the  zinc.  In  such  cases,  we  can 
store  up  and  mutually  transform  electrical  into 
chemical  energy. 
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The  form  of  accumulator  which  is  in  most  general 
use  at  the  present  time  is  based  on  the  changes 
which  metallic  lead  and  its  compounds  undergo  in 
dilute  sulphuric  acid  by  the  action  of  the  electric 
current.  The  simplest  form  of  such  an  accumu- 
lator, the  discovery  of  which  we  owe  to  Gaston 
Plante,  consists  of  two  lead  plates,  one  of  which 
is  covered  with  spongy  lead  and  the  other  with 
lead  peroxide  ;  both  are  immersed,  a  short  distance 
from  one  another,  in  dilute  sulphuric  acid.  The 
many  types  of  cells  differ  principally  in  the 
manner  in  which  these  "  active  masses  "  of  spongy 
lead  and  lead  peroxide  are  produced  and  retained 
on  the  electrodes. 

The  change  which  takes  place  in  the  accumu- 
lator during  charge  and  discharge  can  be  expressed 
by  the  following  simple  equations. 

During  discharge,  at  the  negative  plate  — 


At  the  positive  — 

Pb02  +  2H-  +  H2S04  =  PbS04  +  2H2 
While  during  charge  we  have,  at  the  negative  — 

PbS04  +  2IT+2  0  =  Pb+H2S04. 
at  the  positive  — 

PbS04  +  S04  +  2H20  +  2  0  =  Pb02-t2H2S04, 
and  thus,  when  the  charging  current  has  acted  for 
sufficient  time,  we  shall  have  a  complete  recovery 
of  the  cell  to  its  initial  state,  after  which  the 
passage  of  any  further  current  will  simply  cause 
the  evolution  of  hydrogen  at  the  negative,  and 
oxygen  at  the  positive  pole. 
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It  will  be  noted  that,  as  current  is  being  taken 
from  the  cell,  the  sulphuric  acid  is  more  and  more 
used  up  with  the  formation  of  lead  sulphate,  and 
that,  by  the  recharging  of  the  cell,  the  concen- 
tration of  the  acid  is  restored. 

Charging  of  the  Cell.  In  practice,  the  cells  are 
constructed  with  each  positive  plate  (Pb02)  placed 
between  two  negative  plates  (spongy  lead),  and  as 
with  the  larger  cells,  where  there  are  often  several 
positive  plates  in  parallel  and  several  negative 
plates  in  parallel,  it  will  be  found  that  the  number 
of  negative  plates  is  always  one  more  than  the 
number  of  positive  plates.  As  an  electrolyte, 
sulphuric  acid  of  about  20  per  cent.  (1*15  specific 
gravity)  is  employed.  The  E.M.F.  of  the  cell 
varies  with  the  strength  of  the  acid,  being  higher 
with  a  more  concentrated  solution.  At  a  certain 
strength,  however,  the  acid  begins  to  attack  the 
spongy  lead  with  evolution  of  hydrogen.  It  is 
very  essential  that  the  acid  should  be  quite  free 
from  any  metal  more  electro-negative  than  lead, 
such  as  platinum.  The  smallest  trace  of  such 
metallic  impurities  seriously  impairs  the  action  of 
the  cell.  This  is  caused  by  the  separation  of  the 
metal  on  to  the  surface  of  the  lead  and  the  forma- 
tion of  a  short  circuited  local  element  causing  the 
lead  to  pass  into  sulphate.  Further,  the  "  over- 
voltage  "  effect  (see  p.  101),  which  plays  an 
important  part  in  preventing  the  evolution  of 
hydrogen  and  oxygen,  is  diminished  or  destroyed 
by  the  smallest  trace  of  certain  metals. 

For  the  purpose  of  charging,  the  positive  pole 
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of  the  source  of  current  is  always  connected  with 
the  positive  of  the  cell. 

The  cell  is  taken  to  be  completely  discharged 
when  its  voltage  has  fallen  to  1*8.  If  allowed  to 
fall  below  this,  the  lead  sulphate  is  slowly  trans- 
formed into  a  hard  crystalline  condition  which 
can  only  very  slowly — or  not  at  all — be  retrans- 
formed  into  the  metallic  spongy  lead. 

During  the  charging,  the  voltage  of  the  cell 
quickly  rises  to  2'1,  and  then  slowly  to  about  2' 3, 
which  is  the  E.M.F.  when  completely  charged, 
hydrogen  and  oxygen  being  given  off  at  this  stage 
on  continuing  to  pass  in  current. 

Capacity  of  the  Cell.  A  knowledge  of  the 
capacity  of  the  cell  for  storing  electric  energy  is 
of  great  importance  and  can  be  easily  determined 
by  fully  charging,  and  then  discharging  the  cell, 
by  allowing  the  current  to  pass  through  an 
ammeter  and  copper  voltameter  until  the  voltage 
has  fallen  to  about  1*8. 

The  product  of  the  amount  of  current  in 
amperes  by  the  length  of  time  in  hours  gives  the 
capacity  of  the  accumulator  in  ampere  hours. 
The  rate  of  discharge  must  be  noted,  as  the 
capacity  varies  somewhat  with  the  rate  at  which 
current  is  supplied  to,  or  taken  from,  the  cell. 

Maximum  Rate  of  Charge  and  Discharge.  The 
good  preservation  of  an  accumulator  depends 
chiefly  upon  never  discharging  it  below  the  point 
at  which  its  voltage  has  fallen  to  about  1'8,  and 
also  upon  never  taking  too  large  a  current  from 
the  cell,  since  this  is  liable  to  cause  a  disintegra- 
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tion  of  the  plates.  The  makers  always  give  data 
as  to  the  maximum  current  allowable  for  charging 
and  discharging  the  cell,  and  care  should  be  taken 
never  to  overstep  this  limit.  If  a  larger  current  is- 
required  several  cells  should  be  used  in  parallel,  in 
which  case  the  maximum  current  is  the  sum  of 
those  individually  permissible. 

[NOTE.]  In  general,  if  we  have  n  ceils,  each  of  E.M.F, 
E  and  normal  discharge  rate  C,  then,  by  arranging  in  parallel, 
we  can  obtain  the  current  n  C  amps,  at  the  voltage  E ;  by- 
placing  in  series,  we  get  the  current  C  at  the  voltage  nE. 
If  we  place  n,  in  parallel  and  n.,  in  series  where  n  =  n{n2,  we 
obtain  the  current  n,C  amps,  at  n2E  volts. 

Practical.  Taking  two  small  pieces  of 
sheet  lead,  immerse  them  in  dilute  (about  20 
per  cent.)  sulphuric  acid,  and  pass  a  current 
between  them  of  about  '05  ampere  per  square  cm. 
surface  of  positive  or  negative  electrode.  The 
plates  should  be  connected  with  a  voltmeter  and 
the  potential  difference  noted.  Upon  breaking 
the  circuit,  it  will  be  observed  that  the  two  plates 
show  a  potential  difference  of  about  two  volts, 
and  that  the  anode  is  covered  with  a  film  of  brown 
lead  peroxide. 

The  charging  and  discharging  of  a  small 
portable  accumulator  should  be  carried  out  in  the 
following  manner. 

The  type  provided  has  a  capacity  of  about  14 
ampere  hours,  the  maximum  discharge  rate  is  1'5 
amps.,  and  the  charging  current  1  to  2'5  amps. 
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First  of  all  arrange  the  cell  with  a  regulating 
resistance  and  ammeter  in  circuit,  and  a  volt- 
meter arranged  to  show  the  voltage  of  the  cell, 
and  charge  with  a  current  of  about  2  amps,  until 
gases  are  given  off  in  considerable  amount  at  the 
electrodes.  Note  the  maximum  E.M.F.,  both 
when  the  current  is  passing  and  when  the  circuit 
is  broken.  Now  connect  the  fully  charged  cell 
with  a  regulating  resistance,  ammeter,  and  copper 
voltameter,  and  determine  its  capacity,  from  the 
copper  deposited,  by  discharging  until  the  E.M.F. 
has  fallen  to-1'8  volts,  the  current  being  regulated 
to  about  2  amps. 

The  voltameter  is  constructed  by  taking  three 
copper  plates,  one  plate  as  cathode  in  between  two 
plates  which  are  connected  by  a  wire  and  made 
the  anode.  The  plates  are  placed  in  a  rectangular 
jar  which  contains  an  electrolyte  consisting  of— 


125  grms.  CuS04.5H20 
50  grms.  H2S04 
50  grms.  alcohol 
1  litre     water. 


litre     water. 

When  the  accumulator  is  fully  charged  and 
when  it  is  discharged,  the  specific  gravity  of  the 
acid  should  be  measured  by  means  of  a  hydro- 
meter and  the  result  noted. 

During  the  charge  and  discharge  the  voltmeter 
should  be  read  at  intervals  on  both  open  and 
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closed  circuits  and  curves  drawn  as  shown  in  the 
diagram  (Fig.  14). 

2-8 


Z-L 
24 

«    ** 

43 

£    zo 
/•s\ 


6 


10      fZ 


/8     20    22 


Fig.  14.  Time  (hrs.) 

[NOTE.]  The  voltage  measurements  for  this  table  should  be 
made  by  momentarily  breaking  the  circuit  and  immediately 
reading  the  voltmeter  on  open  circuit.  With  a  closed  circuit, 
the  pole  potentials,  according  to  Ohm's  law.  will  be  given  by 
K  =  E  +  IR,  where  E  is  the  E.M.F.  of  the  cell,  I  the  current 
passing,  and  R  the  resistance.  During  discharging 
KJ  =  E  — IR.  The  difference  in  the  pole  potentials,  as  shown 
above,  during  charging  and  discharging,  is  due  to  the  change 
in  the  acid  concentration  around  the  electrode.  During 
charging,  acid  is  liberated,  and,  during  discharging  taken  from 
the  pores  of  the  electrode  material.  The  diffusion  of  acid 
from  or  into  the  main  bulk  of  the  electrolyte  being  slow, 
changes  in  potential  are  caused  by  the  change  in  acid  concen- 
tration. 

The  difference  between  charging  and  discharging  voltage 
(measured  as  above  on  open  circuit)  increases  with  increasing 
strength  of  current  and  converges  towards  zero  with  decreas- 
ing strength. 

The  mechanism  of  the  reactions  which  take  place  at  the 
electrodes  has  been  represented  by  Le  Blanc  (Zeit.  Elektroch., 
vi,  48)  as  follows  : — 
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At  the   positive   electrode,   the   peroxide    forms  tetravalent 
lead   ions  as  follows  : — 


During  discharging,  the  tetravalent  lead  ions  give  up  two 
charges  to  the  electrode  and  combine  with  one  S04  ion  of 
the  sulphuric  acid  to  produce  solid  sulphate.  At  the  same 

time,  at  the  negative  electrode,  one  S04  ion  is  discharged 
and  forms  PbS04  with  the  spongy  lead.  During  the  charging 
of  the  cell  we  have  conversely  at  the  positive  pole,  the  bivalent 
lead  ion  Pb  '  '  changed  into  the  tetravalent  ion  Pb  '  •  '  •  by 
taking  up  two  charges  from  this  electrode  and  then  reacting 
with  water  to  form  lead  peroxide.  At  the  negative  electrode 
the  Pb ' '  ions  pass  into  the  metallic  state  by  giving  up  their 
charge. 

The  complete  reaction,  during  charge,  is  expressed  by  the 
following  table  : — 

Negative.  Positive. 

Pb  Pb02+2H2SO4;r^Pb(S04)2+2H2O 

<-    i 
20  <-Pb  •  • < 2SO4  ~~+Pb 

i;  \  i 

V    I  \     V  — > 

PbS(U  Pb--+2© 

it 

PbS04 

and  conversely,  during  the  discharge  the  reaction  is  repre- 
sented by  the  table  : — 

Negative  Positive. 

PbSO4  PbSO4 


Pb(SO  4 )  2  +  2H  2{>7_lPbO  2  +  2H  2  SO  4 
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Liebenow  [Zeit.  Elelctroch.,  ii,  420,  653  (1895)],  developed  a 
somewhat  different  theory  to  explain  the  reactions  taking 
place  in  the  lead  accumulator.  This  is  based  on  the  assumption 
that  a  solution  of  lead  sulphate  contains,  in  addition  to 
Pb  •  •  and  S04~~  ions,  a  certain  quantity  of  PbO2~~ions, 
formed  by  the  union  of  Pb  •  •  with  0  ions  of  the  water, 
or  else  by  hydrolysis,  thus  :  Pb  •  •  +2HsO  =  PbO5~~  +  4H\ 

At  the  positive  electrode,  lead  peroxide  passes  into  solution 
as  PbO,~  ~,  imparting  two  positive  charges  to  the  electrode. 
This  then  reacts  with  the  H'  ions  of  the  acid  as  follows  : — 

Pb08~"+4H0=Pb-v+2H80 

The  lead  ions  combine  with  the  S04~  ions  of  the  acid  to 
form  the  solid  sulphate  : 

Pb--+S04~  -=PbS04. 

At  the  negative  electrode,  the  change  consists  in  the  passing 
of  lead  into  the  icnic  condition  and  then  combining  with  a 
SO*""  ion  to  form  solid  sulphate  as  represented  by  the 
Le  Blanc  theory. 

During  charging,  the  reverse  action  occurs,  i.e.,  at  the 
positive  pole,  Pb02  ions,  and  at  the  negative  Pb"ions  are 
precipitated  from  solution.  The  ions  in  solution  are  furnished 
by  the  PbS04,  accumulated  at  the  electrodes. 


11.  ELECTRO-DEPOSITION  OF  METALS. 

ANALYTICAL  DETERMINATION  AND   SEPARATION  OF 
METALS. 

In  a  great  number  of  cases,  electrolytic  methods 
of  quantitative  analysis  possess  advantages  over 
the  ordinary  gravimetric  methods,  and,  on  this 
account,  are  coming  into  more  general  use.  In 
some  cases,  much  greater  accuracy  can  be  obtained 
with  the  electrolytic  than  with  the  gravimetric 
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method,  and  the  manipulations  are  much  simpler 
and  quicker.  The  success  of  electrolytic  estima- 
tions in  practice  depends  chiefly  upon  being  able 
to  obtain  coherent  deposits  of  the  metal,  and  in- 
the  case  of  separations,  in  being  able  to  adjust  the 
conditions  for  the  complete  deposition  of  one 
metal  while  others  remain  in  the  solution.  In 
any  case  it  is  necessary  to  carry  out  the  analysis 
under  certain  prescribed  conditions.  The  strength 
of  the  current  employed  must  in  all  cases  be 
measured  with  an  ammeter,  the  temperature 
maintained  within  certain  limits,  and,  when 
effecting  separations,  the  potential  difference 
between  the  electrodes  must  be  exactly  adjusted. 
It  is  only  under  these  conditions  that  one  can  be 
certain  of  obtaining  the  metal  in  a  firmly  adherent 
and  smooth  form,  so  as  to  enable  subsequent 
washing  and  accurate  weighing. 

Apparatus.  The  apparatus  devised  by  Classen 
consists  of  a  light  platinum  dish  A  (Fig.  15) 
which  is  used  as  cathode.  This  is  supported  on 
a  special  stand  which  can  be  adjusted  to  any 
height.  The  anode  (B)  consists  of  a  spiral  of 
platinum  wire,  or  else  a  perforated  disc  to  allow 
the  escape  of  the  gases  collecting  on  the  under 
surface.  In  another  form  of  apparatus,  the 
cathode  consists  of  a  cone  of  platinum  foil  or 
gauze  which  is  placed  inside  a  beaker  containing 
the  electrolyte,  and  in  the  middle  of  the  cone  a 
thick  platinum  wire  is  suspended  to  serve  as  anode. 
A  regulating  resistance  and  a  suitably  graduated 
ammeter  must  be  placed  at  E  in  circuit  with 
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the  electrodes,  so  that  the  conditions  of  electrolysis 
can  be  adjusted  and  measured.  The  voltmeter  Y 
is  connected  across  the  electrode  terminals. 

In  all  cases  of  electrolysis,  it  is  important  to 
know  the   "  current    density "    at    the  electrodes. 


Fig.  15. 

In  the  case  of  the  deposition  of  metals,  a  definite 
current  density  at  the  cathode  must  be  used. 
This  is  usually  expressed  in  amperes  per  square 
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centimetre.  It  is  consequently  necessary  to  know 
the  surface  presented  by  the  electrodes  used. 

Examples.  The  following  cases  are  instances 
where  electrolytic  determinations  can  be  carried 
out  conveniently  and  with  great  accuracy. 

Copper.  Dissolve  1  to  1'5  gram  CuS04.5H20,  or 
any  other  copper  salt  (other  than  the  chloride) .  Add 
2  to  3  per  cent,  by  volume  of  nitric  acid.  Elec- 
trolyse with  a  P.D.  of  2'2  to  2'5  volts  and  current 
density  O'o  volts  and  current  density  0'5  to  2 
amps,  per  100  sq.  cms.  Temperature  of  solution 
should  be  about  50°  to  60° ;  this  is  adjusted  once 
for  all  before  the  beginning  of  the  electrolysis  by 
regulating  the  flame  under  the  dish  F  (Fig.  15). 
The  electrolysis  vessel  must  be  covered  with  a 
perforated  watch  glass  to  prevent  loss  by  spurting. 

The  nitric  acid  becomes  gradually  reduced  during 
the  electrolysis,  consequently  it  is  sometimes 
necessary  to  add  more  acid  from  time  to  time 
with  prolonged  electrolysis. 

The  termination  of  the  electrolysis  can  be 
conveniently  determined  by  adding  a  little  water 
to  the  dish  so  that  the  level  rises  2  or  3  mm. ;  if 
no  more  copper  is  deposited  on  this  new  surface 
the  electrolysis  can  be  considered  as  finished. 
The  solution  should  be  finally  tested  by  removing 
a  drop  and  testing  on  a  watch  glass  by  adding 
excess  of  ammonia  when  a  blue  colour  is  obtained 
if  any  traces  of  copper  remain. 

When  the  electrolysis  is  finished,  it  is  necessary 
to  wash  out  the  dish  without  breaking  the  current, 
otherwise  the  copper  will  redissolve  in  the  nitric 
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acid  solution.  The  liquid  should  therefore  be 
syphoned  off  with  a  bent  glass  tube,  while  water  is 
added  so  as  to  keep  the  electrodes  covered,  until 
the  acid  is  too  dilute  to  affect  the  copper.  Fhe 
dish  is  then  rinsed  out  with  a  little  more  fresh 
water,  and  then  with  2  or  3  cc.  alcohol  and  dried 
at  80 — 90°  in  an  air  bath,  and  then  carefully 
weighed.  An  accuracy  in  the  estimation  to 
within  0'05  per  cent,  should  be  obtained. 

This  determination  is  specially  useful  in  depo- 
siting copper  in  solutions  containing  metals  of 
the  iron  group,  since  the  latter  remain  dissolved 
in  the  nitric  acid. 

In  technical  analysis  of  copper  or  copper  ores, 
arsenic  and  antimony  are  often  met  with  and  on 
electrolysis  a  portion  of  these  elements  is  precipi- 
tated with  the  copper,  giving  it  a  brown  colour. 

This  can  be  dealt  with  by  weighing  the  dish 
and  heating  for  some  time  over  a  Bunsen  flame, 
thus  volatilising  the  arsenic  and  antimony  and 
leaving  the  copper  in  an  oxidised  condition.  On 
redissolving  in  dilute  nitric  acid  the  copper  can 
once  more  be  electrolytically  deposited,  the 
difference  in  weight  of  the  two  deposits  corres- 
ponds to  the  arsenic  and  antimony  which  had 
been  thrown  down. 

Lead.  The  electrolytic  method  for  the  deter- 
mination of  lead  possesses  great  advantages  over 
the  gravimetric  methods  usually  employed,  and  is 
moreover  of  interest  as  the  deposition  takes  place 
on  the  anode  and  in  the  form  of  lead  peroxide. 
As  anode  a  platinum  dish  with  rough  surface  to 
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secure  better  adherence  is  employed,  or  else  a  wire 
gauze  cathode.  The  solution  should  contain  10 
per  cent,  free  nitric  acid. 

P.D.  2'3 — 2'7  volts.  Current  density  1-2  amps, 
per  100  sq.  cms.  Temperature  50 — 60°. 

The  electrolysis  is  complete  in  about  1  to  2 
hours. 

The  peroxide  must  be  dried  at  180 — 190°  since 
it  is  deposited  in  a  hydrated  form. 

Take  1 — 1^  grms.  recrystallised  lead  nitrate, 
and  estimate  the  percentage  of  lead. 

The  end  of  the  deposition  may  be  tested  by 
taking  a  few  drops  of  the  solution  on  a  watch  glass, 
neutralising  with  ammonia,  and  then  adding 
ammonium  sulphide. 

The  dish  or  electrode  is  cleaned  afterwards  by 
adding  hot  dilute  nitric  acid,  together  with  a  few 
crystals  of  oxalic  acid. 

Nickel.  There  are  two  very  satisfactory 
methods  for  determining  this  metal  electroly- 
tically. 

(1)  Take   about   0'5  grms.   Nickel   as  sulphate, 
with  about  5  grms.  ammonium  sulphate  and  6  cc. 
ammonia    (0'880).      Electrolyse    with    a    current 
density  of  0'5  to  1'5  amps,  per  100  sq.  cms. 

P.D.  2'3 — 3'5  volts.  Duration  of  electrolysis 
about  2  hours  at  room  temperature. 

(2)  The  second  method,   which  is   fully  better 
than  the  first,  is  the  one  recommended  by  Classen. 

Take  1-2  to  2'1  grms.  NiS04(NH4)2S04  +  H20, 
4-5  grms.  of  ammonium  oxalate,  and  120  cc. 
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water.      Temperature  60 — 70°.       Current  density 
1  amp.  per  100  sq.  cms.     P.D.  2*5  to  3*4  volts. 

Nickel  is  conveniently  estimated  in  presence  of 
other  metals  as  follows :  —  The  acid  solution  is 
treated  with  sulphuretted  hydrogen,  when  all  the 
metals  except  nickel,  iron,  cobalt,  zinc,  manganese 
and  aluminium  can  be  removed.  By  treating  the 
solution  remaining  (if  necessary  after  conversion 
to  sulphates)  with  ammonia — iron,  aluminium 
and  manganese  can  be  precipitated,  and  the 
filtered  solution  is  then  ready  for  electrolysis.  It 
is  only  when  zinc  is  present  that  any  special 
precautions  have  to  be  taken. 

Separation  of  Nickel  and  Zinc.* 

A  good  example  of  the  use  of  graded  potentials 
is  given  in  this  case  where  a  mixture  of  a  nickel 
and  zinc  salt  is  being  dealt  with.  In  this  case, 
the  influence  of  temperature  also  plays  a  very 
important  part  as  no  separation  can  be  effected 
below  50°. 

Take  about  0' 12  grni.  nickel  and  0' 15  grm.  zinc 
as  sulphates.  Add  6  grms.  ammonium  sulphate, 
30  cc.  ammonia  (s.g.  0'91)  and  1  grm.  sodium 
sulphite.  Make  solution  up  to  300  cc. 

The  temperature  is  adjusted  to  90 — 92°,  and  a 
current  density  at  the  cathode  of  0'2  amp.  per 
100  sq:  cms.  applied.  When  all  the  nickel  is 
deposited,  the  cathode  is  weighed,  cleaned,  coated 
with  copper  (to  prevent  the  zinc  subsequently 

*Hollard  and  Bertiaux,  Zeit.  Elelctroch.,  xiii,  565  (1907); 
Chem.  Ztg.,  xxxii,  185  (190$). 
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alloying  with  the  platinum),  again  weighed,  and 
the  zinc  deposited  by  using  a  current  density  of 
0*6  to  I'O  amp.  per  100  sq.  cms.,  and  conducting, 
the  electrolysis  at  the  room  temperature. 

Separation  of  Silver  and  Copper* 

A  quantity  of  alloy  up  to  0'5  gram  is  taken  and 
dissolved  in  2  cc.  nitric  acid  (1  in  4)  diluted  with 
water. 

The  solution  is  diluted  to  about  150  cc. ;  5  cc. 
absolute  alcohol  are  added  which  helps  to  prevent 
the  silver  being  deposited  as  peroxide  on  the  anode, 
as  does  also  the  warming  of  the  solution  to  55°. 
P.D.  1-36  ±0'1  volt. 

The  analysis  is  rather  a  delicate  one  as  the 
P.D.  must  not  rise  above  the  value  given.  After 
complete  deposition  of  the  silver,  the  electrolyte  is 
removed,  and  after  weighing  and  removing  the 
deposited  silver,  the  electrolyte  is  returned  and  the 
copper  deposited  in  a  similar  manner  by  using  a 
higher  potential  difference. 

[NOTE].  The  separation  of  one  metal  from  another  by  electrolysis 
is  rendered  possible  by  the  fact  that  different  elements  separate 
from  solution  at  different  potentials.  The  E.M.F.  which  has 
to  be  applied  to  cause  the  separation  of  any  metal  in  a  given 

T>rp          T> 

electrolyte  can  be  expressed  by  the  formula     —^ln —     where 

nr       p 

P  is  a  constant  for  the  metal,  and  represents  its  "  solution 
pressure,"  while  p  denotes  the  osmotic  pressure  or  concentra- 
tion of  the  ions  of  the  metal  in  solution,  n  denotes  the 
valency,  and  F  the  number  of  coulombs  (96540)  associated 

*Kiister  and  Steinwehr,  Zeit.  Elektroch.,  iv,  451. 
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with  one  gram  equivalent.  Taking  for  T  the  ordinary 
room  temperature  (19°i.e.292°  abs.),  and  dividing  by 
0'4343  to  reduce  from  natural  to  ordinary  logarithms,  the 

above   formula  reduces  to  log     — -     From  this,  it  is 

n  p 

seen   that  in   the    electrolysis   of    a  solution    of    a    salt  of    a 

monovalent  metal,  a  reduction  of  concentration  from  1  gram 
of  the  salt  in  a  given  volume  to  O'OOOl  gram,  only  makes  a 
difference  of  0'23  volt  in  the  separation  potential,  and  with  a 
divalent  metal  only  half  this  amount.  Consequently,  in  many 
cases,  where  there  is  any  considerable  difference  between  the 
decomposition  potentials  of  the  two  metals,  a  complete  separa 
tion,  within  the  limits  of  analytical  detection,  is  possible. 
Of  great  importance  is  the  selection  of  the  electrolyte.  In 
many  cases  complex  ions  are  formed  so  that  the  concentration 
of  the  free  metal  ions  is  exceedingly  small,  and  its  decomposi- 
tion potential  correspondingly  raised.  Examples  of  this  are 
seen  in  the  case  of  copper,  silver,  and  gold  in  cyanide 
solutions,  where  the  ions  CuCy,/  AgCy2/  AuCy3'  are  formed. 

EAPID  ELECTBO-DEPOSITION. 

On  account  of  the  low  current  density  to  which 
electro-depositions  are  limited  under  ordinary 
conditions,  in  order  to  obtain  smooth  adherent 
deposits  of  metal,  electrolytic  analyses  are  usually 
somewhat  lengthy  and  often  require  several  hours 
for  completion.  In  many  cases  in  analytical 
work  this  length  of  time  demanded  would  be 
prohibitive  to  the  practical  use  of  the  method. 
Electro-depositions  can,  however,  be  very  much 
accelerated  by  making  use  of  the  following  pro- 
perty. If  means  are  taken  to  rapidly  agitate  the 
electrolyte  during  electrolysis,  such  as  by  rotation 
of  the  anode  or  cathode,  the  permissible  current 
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density  which  is  consistent  with  obtaining  a  good 
deposit  can  be  very  much  raised.  Thus,  in  the 
case  of  copper,  while,  under  ordinary  conditions, 
with  stationary  electrodes,  the  upper  limit  of 
current  density  is  at  about  0'02  amp.  per  square 
centimeter,  ten  to  twenty  times  this  amount 
may  be  employed  by  adopting  suitable  means  to 
agitate  the  electrolyte,  or  rotate  the  electrodes. 
This  effect  is  due  to  the  fact  that,  by  agitation, 
fresh  electrolyte  containing  a  high  concentration 
of  copper  ions,  is  continually  being  brought  into 
contact  with  the  cathode,  and  also,  when  the 
cathode  is  rotated,  some  physical  effect  is  pro- 
duced which  improves  the  smoothness  of  the 
deposit. 

Practical.  A  simple  form  of  apparatus  which 
can  be  constructed  to  illustrate  this  method  con- 
sists of  a  glass  tube  (A)  (Fig.  16),  down  which  a 
copper  wire  (B)  passes.  A  constriction  in  the  tube 
is  formed  at  (C),  and  by  running  in  wax,  the  space 
between  the  wire  and  the  walls  of  the  tube  is  here 
filled  in.  The  copper  wire  (B)  projects  a  short 
way  above  this  seal,  and,  by  means  of  mercury 
placed  in  the  top  part  of  the  tube,  enables  an 
electrical  connection  to  be  established  between 
the  wire  (D)  inserted  in  the  mercury  and  the 
copper  wire.  The  copper  lead  terminates  in  a 
brush  of  fine  wire  at  B,  and  from  here,  by  contact 
with  the  inside  surface,  on  to  the  platinum 
crucible  which  is  fastened  on  to  the  cork  E.  A 
wider  glass  tube  (E)  surrounds  the  middle  tube, 
and  can  be  held  in  a  clamp,  after  fitting  an 
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ebonite  washer  at  (H),  so  as  to  permit  the  tube 
to  be  rotated  with  the  minimum  of  friction.  In 
order  to  rotate,  a  belt  is  fitted  on  to  the  grooved 
wooden  cylinder  at  (K)  which  connects  with  a 
small  motor.  The  platinum  crucible  is  immersed 
in  the  electrolyte  contained  in  a  beaker,  and  an 
anode  of  platinum  foil  placed  alongside  at  (M). 
The  wire  (D)  dipping  into  a  mercury  cup  forms 
the  negative  terminal.  These  terminals  are  joined 
in  series  with  an  ammeter  and  regulating  resist- 
ance to  the  source  of  current,  and  while  the 
cathode  is  rotating  at  high  speed,  the  electrolysis 
proceeds  as  in  the  case  with  stationary  electrodes. 
The  temperature  and  composition  of  the  electro- 
lyte must  be  the  same  as  in  the  former  case.  On 
completion  of  the  electrolysis,  the  electrolyte  must 
be  diluted,  and  syphoned  off  before  the  circuit  is 
broken.  The  beaker  is  then  removed  and  the 
crucible  with  the  copper  deposit  well  washed,  and 
finally  rinsed  with  a  few  cc.  of  alcohol  and  dried, 
as  in  the  case  of  the  ordinary  deposition  of  copper 
described  above. 

Others  forms  of  rotating  electrodes,  in  which  a 
larger  area  of  cathode  is  presented,  are  better 
suited  in  practice  for  electro-depositions  than  the 
above.  The  same  effect  is  also  obtained  by  rotating 
the  anode  instead  of  the  cathode. 

Experiment  I.  Measure  approximately  the 
outside  surface  of  the  crucible.  Take  ordinary 
(commercial)  copper  sulphate,  dissolve  in  water 
and  acidify  with  nitric  acid  (2-3  per  cent,  by 
volume).  Arrange  the  cathode  so  as  to  rotate  at 
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the  highest  possible  speed  without  projecting  any 
of  the  electrolyte  from  the  beaker,  and  examine 
qualitatively  the  deposits  obtained  with  different 
current  densities. 

Experiment  II.  Having  found  the  highest 
current  density  with  which  a  good  deposit  can  be 
obtained,  perform  a  quantitative  experiment  with 
pure  recrystallised  salt.  Make  notes  of  voltage, 
duration  of  experiment,  etc. 

12.  QUANTITATIVE  ESTIMATION  OF  NITRIC 
ACID  BY  ELECTROLYTIC  REDUCTION 
TO  AMMONIA. 

The  reduction  of  nitric  acid,  or  of  nitrates  in 
presence  of  sulphuric  acid  can  be  brought  about 
at  the  cathode  during  electrolysis.  The  product 
of  the  reduction  depends  on  the  nature  of  the 
metal  of  the  electrode,  thus  if  platinum  is  used, 
no  ammonia  is  formed,  so  soon,  however,  as  a 
copper  salt  is  added  to  the  solution  and  a  deposit 
of  copper  thus  caused  to  appear  on  the  cathode, 
reduction  commences,  and  almost  the  whole  of 
the  nitrate  can  be  transformed  into  ammonium 
salt.  A  quantitative  method  of  analysis  has  been 
founded  on  this  process  by  Ulsch.* 

This  reaction  can  be  expressed  by  the  equation 


*Zeit.  Elektroch.,  iii,  546  (1897),  cf.  also  Shinn,  /.  Amer. 
Chem.  Soc.,  xxx,  1378  (1908),  and  W.  Bottger,  Zeit.  Elek- 
troch., xvi,  698  (1910). 
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in   which   one    equivalent   of    acid   gives   two    of 
alkali. 

Another  reaction  which  takes  place  with  a 
copper  cathode  during  electrolysis  is  the  forma- 
tion of  hydroxylamine  according  to  the  equation 

NtV  +  3H2  -  NH2OH  +  OH/  +  H20 . 
The  relative  proportions  of  ammonia  and  hydroxy- 
lamine obtained  have  been  found  by  Taf el*  to  vary 
with  the  physical  nature  of  the  copper  of  the 
electrode,  thus,  using  separated  anode  and  cathode 
compartments,  when  a  smooth  copper  cathode  was 
used  the  reduction  of  nitric  acid  went  to  hydr- 
oxylamine to  the  extent  of  11'5  parts,  and  to 
ammonia  to  the  extent  of  76' 8  parts,  while,  with 
an  electro-deposited  copper  surface,  the  product 
contained  1  part  of  hydroxylamine  to  92' 3  of 
ammonia. 

In  the  electrolytic  reduction  of  nitrates,  the 
formation  of  hydroxylamine  is  accompanied  by 
the  production  of  the  same  number  of  equivalents 
of  alkali  as  in  the  case  of  ammonia.  Its  forma- 
tion, however,  would  cause  an  error  in  the  result 
on  account  of  its  undergoing  decomposition  in 
presence  of  oxidising  agents,  which  thus  tends  to 
give  too  low  a  value.  A  source  of  error  which  tends 
to  bring  the  value  rather  high  is  caused  by 
the  fact  that,  during  the  washing  of  the  electrode, 
a  trace  of  copper  tends  to  dissolve  in  the  sulphuric 
acid  which  is  present  in  excess.  By  carefully 
regulating  the  conditions  of  the  electrolysis  the 
formation  of  hydroxylamine  can  be  made  very 

*Zeit.  anorg.  Chem.,  xxxi,  289  (1907). 
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small,  when  the  error  caused  by  its  presence  is 
negligible,  or  is  counterbalanced  by  the  error 
resulting  from  the  loss  of  acidity  due  to  dissolved 
copper.  The  following  method,  which  was  worked 
by  Ulsch,  is  used  for  the  quantitative  estimation 
of  nitrates. 

As  cathode,  a  cylindrical  spiral  is  employed; 
this  is  formed  by  winding  a  copper  wire  of  about 
l'4mm.  diameter  on  a  tube  about  15mm.  diameter, 
so  that  about  40  closely  adjacent  layers  are  present, 
the  total  length  of  wire  being  about  2  metres.  At 
the  end,  15  cms.  of  wire  are  left  and  bent  in  the 
direction  of  the  cylinder  axis  so  as  to  allow  the 
connections  to  the  source  of  current  to  be  con- 
veniently made.  The  spiral  is  very  carefully 
drawn  out  so  that  a  minute  space  is  left  between 
each  layer  and  the  total  length  of  spiral  cylinder 
is  about  70  mms. 

The  anode  is  formed  by  a  thin  platinum  wire 
which  can  be  coiled  round  a  glass  rod  to  make 
rigid.  This  is  arranged  to  pass  down  the  centre 
of  the  copper  coil.  The  cell  consists  of  a  glass 
tube,  2  cms.  diameter  and  17  cms.  length,  in  which 
the  electrodes  are  adjusted  by  means  of  a  cork, 
which  is  provided  with  an  outlet  for  the  gases. 
The  electrodes  are  carefully  adjusted  so  that  the 
platinum  anode  is  fixed  as  the  axis  of  the  tube, 
surrounded  by  the  spiral  cylinder ;  both  electrodes 
pass  to  the  bottom  of  the  tube. 

Before  each  series  of  experiments  the  cathode 
must  be  covered  with  a  coating  of  copper  by 
electro-deposition,  using  a  current  density  of  at 
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least  2  amperes  per  75  square  cms.  so  as  to  obtain 
a  surface  of  spongy  metal.  The  surface  can  also 
be  prepared  by  heating  the  wire  to  a  red  heat  and 
quenching  in  water.  It  is  on  this  condition  of  the' 
metal  that  the  complete  reduction  to  ammonia  and 
avoidance  of  the  formation  of  hydroxylamine 
chiefly  depends.  After  each  experiment,  the 
active  surface  of  the  electrode  should  be  re- 
generated by  heating  in  an  oxidising  flame  and 
then  quenching  in  water,  or  else  by  fresh  electro- 
deposition. 

As  an  example  of  the  method,  the  following 
experiment  with  pure  potassium  nitrate  should  be 
carried  out :  — 

Dissolve  about  0'5  grm.  potassium  nitrate  in  a 
small  quantity  of  water,  add  exactly  50  cc.  normal 
sulphuric  acid,  and  make  solution  up  to  100  cc. 
with  water  in  a  measuring  flask. 

For  each  experiment  take  20  cc.  of  this  solution 
and  add  distilled  water,  if  necessary,  so  as  to  cover 
the  copper  spiral. 

The  electrolysis  is  carried  out  from  a  4  volt 
circuit,  using  a  regulating  resistance,  and  a  current 
density  at  the  cathode  of  not  more  than  2  amps, 
per  75  sq.  cms.  surface.  At  higher  current 
densities  than  this  the  formation  of  hydroxylamine 
begins  to  be  appreciable.*  During  the  electrolysis 
scarcely  any  gas  will  at  first  escape  from  the  copper 
electrode,  but  later  it  will  be  found  that  hydrogen 
comes  off  abundantly.  The  reduction  is  almost 
complete  before  hydrogen  is  evolved  in  quantity, 
*Cf.  Bottger,  loc.  cit. 
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but   the  electrolysis  should    be    continued    for    a 
further  10  minutes  to  ensure  complete  reduction. 

By  titration  of  the  remaining  acid,  the  amount 
of  ammonia  formed  can  be  determined. 

The  complete  reaction  may  be  expressed  by  the 
equation — 

2KNO,  +  2H2S04  +  8H2  -  K2S04  +  (NH4)2S.04  +  6HaO, 
or   two   equivalents    of    acid    disappear    ior    each 
equivalent  of  nitrate. 

An  accuracy  to  within  O'l  per  cent,  is  possible 
in  this  method  of  estimating  nitrates. 


13.  MEASUREMENT  OF  ELECTROLYTIC 
CONDUCTIVITIES. 

The  determination  of  the  electrolytic  conduc- 
tivity of  solutions  of  salts,  acids,  and  bases,  has  an 
important  application  in  investigating  the  nature 
of  solutions.  The  constitution  of  compounds  can 
in  many  cases  be  ascertained  by  this  method,  and 
it  enables  the  affinity  of  acids  and  bases  to  be 
accurately  determined.  The  resistance  of  an 
electrolyte  follows  the  same  laws  as  in  the  case 
of  a  metal  or  solid  conductor,  in  that  the  resistance 
is  proportional  to  the  length  of  the  path  of  the 
current  and  inversely  proportional  to  the  cross 
section.  This  is  expressed  by  the  formula 

R  =  r  _,  where  R  is  the  resistance,  I  the  length  of 

the  path  of  the  electrolyte,  /  the  cross  section,  and 
r  is  a  constant  depending  on  the  nature   of  the 
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electrolyte.  If  Z  is  expressed  in  centimeters  and 
/  in  square  cms.,  then  r  represents  the  specific 
resistance.  The  most  important  factors  which 
determine  the  value  of  r  are  the  concentration  of 
the  electrolyte,  and  the  mobility  of  the  ions. 

Instead  of  r,   its  reciprocal  -1-  is  more  commonly 

?' 

used,  and  this  is  known  as  the  specific  conductivity, 

and  denoted  by  x.     Thus  x=    —  =  — -.     where-  w 

J  r       wj- 

is  the  measured  resistance. 

The  essential  difficulty  in  the  determination  of 
electrolytic  conductions  lies  in  the  fact  that  by  use 
of  a  continuous  current,  such  as  is  always  employed 
in  the  electrolysis,  polarisation  occurs  at  the 
electrodes,  and  the  actual  resistance  measured  is 
the  sum  of  the  resistance  of  the  electrolyte  itself 
and  of  the  polarisation  at  the  two  electrodes. 

Kohlrausch  was  the  first  to  propose  the  use  of 
alternating  currents,  by  means  of  which  the 
polarisation  caused  by  the  passage  of  current  in 
one  direction  is  removed  before  it  has  had  time 
to  reach  any  appreciable  magnitude,  by  the 
reversal  of  the  current  and  its  passage  in  the 
opposite  direction.  In  this  case  the  resistance 
measured  is  simply  that  of  the  electrolyte  itself. 
For  such  work  as  this  the  alternating  currents  are 
best  obtained  by  means  of  a  small  induction  coil. 
The  Wheatstone  Bridge  principle,  exactly  similar 
in  nature  to  that  already  used  for  measuring 
metallic  resistances,  is  made  use  of.  To  detect 
the  point  where  equilibrium  has  been  attained,  use 
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is  made  of  a  telephone,  which  will  emit  a  sound 
so  long  as  any  current  is  passing  through,  so  that 
a  minimum  of  sound  will  indicate  that  compensa- 
tion has  been  effected. 

Arrangement  of  the  Apparatus.  In  Figs.  IT 
and  17a  the  induction  coil  is  seen  at  S.  The 
electrolytic  cell  W  forms  one  arm  of  a  Wheatstone 


Fig.  17. 

Bridge,  the  other  arms  being  formed  by  the 
resistance  box  R,  and  the  two  parts  of  the  sliding 
wire  bridge  a  and  b.  The  connections  are  made  as 
shown  in  the  figure. 

If  w  be  the  resistance  of  the  electrolyte,  E  that 
taken  out  of  the  resistance  box,  and  a  and  b  the 
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two   lengths   of  wire  in   the   meter   bridge   when 
compensation  has  been  effected,  then  w:^=b:a. 

Kb 

Hence  w  = 

a 

Electrolytic  Cell  and  Solutions  required.  The 
most  simple  cell  for  measurements  of  this  kind  is 
formed  by  making  use  of  a  so-called  "  dipping 


Fig.  I7a. 

electrode/'  which  can  be  immersed  in  a  beaker  or 
tube  containing  the  electrolyte.  The  dipping 
electrode  consists  of  two  small  pieces  of  platinum 
foil,  which  have  been  carefully  coated  with 
platinum  black  or  "  grey "  platinum.  This 
platinised  surface  is  prepared  by  electrolysing  for  a 
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few  minutes  a  3  per  cent,  solution  of  chloro- 
platinic  acid,  to  which  1/40per  cent,  of  lead  acetate 
has  been  added.  The  current  is  passed  through 
the  electrodes,  in  opposite  directions,  for  equal 
intervals  of  time,  so  as  to  coat  both  electrodes. 
After  thoroughly  washing,  these  platinised  elec- 
trodes may  be  used  for  the  measurements,  or  by 
heating  to  a  dull  red  heat,  the  black  platinum  is 
converted  into  a  grey  deposit,  which  is  still  better 
suited  for  these  measurements. 

The  electrodes  of  platinum  foil  are  connected 
with  leading  in  wires,  and  surrounded  by  a  glass 
hood  (W,  Fig.  17). 

Purity  of  Water.  Particular  attention  must  be 
paid  to  the  purity  of  the  water  used  in  conductivity 
measurements.  It  must  be  carefully  distilled,  and 
the  presence  of  dissolved  gases  (particularly  carbon 
dioxide)  must  be  eliminated.  Perfectly  pure  water 
has  been  found  to  have  a  specific  conductivity  of 
0'04  x  10- 6  reciprocal  ohms,  at  18°.  The  conduc- 
tivity of  the  water  used  in  these  measurements 
should  be  ascertained  previously  and  should  not 
amount  to  more  than  20  times  the  above  value. 

Temperature  Regulation.  Since  the  conductivity 
varies  very  largely  with  the  temperature,  the 
beaker  or  tube  containing  the  electrolyte  must  be 
immersed  in  a  water  bath  or  thermostat,  the 
temperature-  of  which  can  be  regulated  and  kept 
constant  to  within  1/10°  during  the  measurements. 
(Constancy  of  temperature  to  this  amount  is 
necessary  even  for  approximate  measurements.) 
The  actual  resistance  measured  in  such  an 
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apparatus  as  this  will  of  course  depend,  not  only 
on  the  conductivity  of  the  solution,  but  also  on  the 
shape  and  size  of  the  electrodes,  their  distance 
apart,  etc.  Since  it  is  not  practicable  to  make 
directly  an  accurate  measurement  of  these,  it  is 
more  convenient  to  calibrate  the  apparatus  by 
means  of  a  solution  of  known  conductivity.  For 
this  purpose  a  1/50  normal  potassium  chloride 
solution  is  prepared,  and  its  resistance  is  measured 
at  some  definite  temperature.  The  ratio  between 
this  resistance  and  the  known  specific  resistance  of 
the  solution  gives  the  resistance  capacity  of  the 
electrodes. 

As  mentioned  above,  the  conductivity  of  the 
electrolyte  varies  with  the  concentration  of  the 
solution.  The  concentration  is  expressed  in  gram 
equivalents  per  cc.  and  is  denoted  by  ^.  The 
dilution  is  the  reciprocal  of  the  concentration, 

i.e.,  —  or  (/>,  or  the  number  of  cc.  in  which  1  gram 

n 
equivalent  is  dissolved. 

The  Equivalent  Conductivity  is  then  expressed 

3C 

by     A  =  —  =  fl30,     that  is,  the  conductivity  of  a 

solution  in  a  cell  which  has  its  plates  1cm.  apart 
and  each  plate  of  an  area  of  0  sq.  cms.  If  the 
electrolyte  is  only  partly  dissociated,  it  is  obvious 
that  this  value  will  increase  with  the  dilution. 

If  now  w  equals  the  resistance  measured  in  the 

S" 

apparatus  for  this  ~    KC1  solution,   the  specific 
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conductivity  x  of  which  is 

0-002397  at  18°, 
and  0-002768  at  25°, 

ft 

then  x  =  —  ,  or  c  =  xw. 

w 

The  value  c  denotes  the  resistance  capacity  of 
the  particular  arrangement  of  electrodes  used,  and 
is  employed  in  all  subsequent  measurements  of  the 
conductivity.  Having  carefully  determined  the 
resistance  capacity  of  the  cell,  make  up  a  deci- 
normal  solution  of  oxalic  and  of  citric  acid,  and 
determine  their  specific  and  equivalent  conduc- 
tivities, as  also  by  dilution  of  a  measured  amount, 
those  of  1ioo  and  1  1000  normal  solutions.  In 


st 

these     determinations      x  =  —  ,    where      x  =  the 

w  ' 

specific  conductivity  of  the  solution,  w  =  the 
resistance  in  ohms  measured,  and  c  =  the  resist- 
ance capacity  of  the  cell. 

Degree  of  Dissociation.  The  equivalent  conduc- 
tivity was  defined  above  as  the  specific  conductivity 
multiplied  by  the  dilution,  or  the  number  of  cc. 
which  contain  1  gram  equivalent  of  the  solute.  The 
value  for  the  equivalent  conductivity  will  increase 
with  the  dilution  through  increasing  dissociation 
until  it  attains  a  limiting  value,  when  the  solute 
is  completely  dissociated.  At  this  stage,  the 
equivalent  conductivity,  which  is  denoted  by 
Aoo  is  equal  to  the  sum  of  two  independent  values 
for  anion  and  cation.  Thus  Ace  =  ltt  +  lCj  where 
these  values  denote  the  relative  rates  of  migration 
of  the  anion  and  cation.  At  any  other  dilution, 
the  equivalent  conductivity  can  be  expressed  by 
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Au  =  y  (1«  +  lc  ),  where  y  equals  the  proportion  of 
the  solute  which  is  dissociated.  From  this  it  . 

A  77 

follows  that  -y=  -r —  .     So  that,   to  calculate  the 

Aoo 

degree  of  dissociation  of  a  substance  at  any 
dilution,  we  have  simply  to  divide  its  equivalent 
conductivity  at  that  dilution  by  the  value  given  at 
infinite  dilution,  or  when  all  is  dissociated. 

In  the  case  of  strong  acids,  bases  and  of  salts, 
complete  dissociation  takes  place  at  moderately 
high  dilutions,  but  with  weak  acids  and  bases,  the 
degree  of  dilution  necessary  to  cause  a  complete 
breaking  down  into  ions  is  too  high  to  permit  any 
accurate  measurement  being  made  of  the  conduc- 
tivity, so  that  in  these  cases  the  value  of  Aoo  has 
to  be  derived  indirectly.  For  this  purpose  use  is 
made  of  the  equation  Aoo  =  \a  +  lc  ,  in  which 
the  value  of  the  equivalent  conductivity  can 
be  expressed  as  the  sum  of  two  separate  values 
for  anion  and  cation.  In  the  case  of  a  weak  acid 
a  measurement  of  Aco  is  made  of  the  sodium  salt, 
which  is  always  completely  dissociated  at 
moderately  high  dilutions.  By  now  subtracting 
from  this  found  value  of  Aoo  ,  the  known  value 
for  ( I  Na ),  and  adding  the  value  for  hydrogen 
(in),  we  obtain  the  value  of  Aoc  for  the  acid. 
The  values  for  the  equivalent  conductivities  of  the 
H'  and  Na'  ions,  expressed  in  reciprocal  ohms,  at 
18°,  are  as  follows  :  — 

H'  =  329-8 

Na=  43-55. 
Similarly,  with  a  weak  base,  this  can  be  combined 
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with  a  strong  acid  and  the  difference  between  the 
value  for  OH7  and  the  anion  of  the  acid  added 
to  the  value  found  for  the  equivalent  conductivity 
of  the  salt. 

Ostwald  Dilution  Law.  Taking,  as  an  example, 
the  case  of  acetic  acid,  the  following  dissociation 
equilibrium  applies  :  — 

H-  +  CHSCOO'  7!     CH3COOH 

x  x  (\-x). 

where  x  denotes  the  fraction  of  the  acid  which  is 
broken  down  into  ions. 

If  C  is  the  concentration  of  the  undissociated  part 
and  Cj  that  of  the  ions,  then  according  to  the  law 
of  mass  action,  the  following  equation  applies : 

C  2 

-i—  =  K      where      K     denotes    the    dissociation 

constant. 

If  cf>  denotes  the  volume  in  cc.  in  which  1  gram 
equivalent  of  the  substance  is  dissolved,  then 

,,       x       ,  n     l—x 
(JI  =  -T  and  C=  — 

r  0 

x- 
Since  x=  — — 

Aoo 

A2?; 


So  that  K-  —^- 


therefore  K=  —, 

0(Ao=  -Ai>)Aoc 

The  value  K  is  an  important  constant  which 
is  a  measure  of  the  strength  or  affinity  of  acids  and 
bases. 

This  should  be  calculated  in  the  cases  of  the 
acids  used  in  these  experiments. 
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14.  MEASIJEEMENT  OF  ELECTEO-MOTIVE 
FOECES  AND  SINGLE  POTENTIAL 
DIFFEEENCES  BY  USE  OF  THE  COM- 
PENSATION METHOD  AND  LIPPMANN 
ELECTEOMETEE. 

General.  The  method  employed  is  the  Du-Bois 
Eeymond's  compensation  method,  and  consists  in 
compensating  the  E.M.F.  of  the  cell  (or  combina- 
tion of  electrodes  forming  a  cell)  under  examina- 
tion by  a  known  electro-motive  force,  capable  of 
being  adjusted  for  the  particular  case  (compare 
Schuster  and  Lees,  "  Exercises  in  Practical 
Physics,"  p.  323).  The  attainment  of  compensa- 
tion can  be  easily  recognised  by  the  use  of  a 
delicate  galvanometer,  or  better,  of  a  Lippmann 
electrometer.  The  diagram  (Fig.  18)  explains  the 
principle  of  the  method.  A  constant  element  (for 
example  an  accumulator)  E,  whose  E.M.F.  is 
greater  than  that  of  the  cell  to  be  measured,  is 
connected  to  the  ends  of  a  resistance  wire  a  b. 
The  potential  will  fall  uniformly  from  a  to  6; 
hence,  by  making  contact  at  the  end  6,  and  at 
the  point  c  by  means  of  the  slider,  we  can  take 
off  any  desired  fraction  of  the  E.M.F.  of  the 
cell  E.  The  element  A  whose  E.M.F.  is  to  be 
measured  is  connected  up  in  series  with  the 
capillary  electrometer  M  to  the  end  of  the  wire  6, 
and  with  the  movable  contact  c,  which  can  slide 
along  the  wire  and  make  contact  at  any  point 
along  it.  Care  is  of  course  taken  that  the  poles  of 
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the  cell  are  so  joined  to  tlie  circuit  that  the  E.M.F. 
opposes  that  of  the  accumulator  E ;  in  this  way  we 
find  a  certain  point  at  which  the  two  opposing 
E.M.F.'s  are  in  equilibrium  and  the  value  be 
gives  us  the  resistance  of  the  wire,  the  fall  of 
potential  in  which  corresponds  to  the  E.M.F.  of 


Fig.  18. 

the  cell.  Similarly,  repeating  the  determination 
with  a  standard  cell  in  place  of  A  (e.g.,  a  Clark  or 
Weston  cell),  we  have  another  value  be'.  Now 
these  resistances  are  in  the  same  proportion  to  one 
another  as  the  E.M.F.'s  of  the  cells.  Calling 
TT  the  E.M.F.  of  the  cell  A  and  TT'  that  of  the 

standard  cell,  TT  :  TT'  =  be  :  be'  .'.  7r  =  7r'-r^-  • 

be' 

The  E.M.F.  of  the  Clark  cell  at  15°  is 
1-4292-  0-0012  (t- 18°),  and  the  Weston  cell 
T0187  -  0-000035  (t- 18°). 


SINGLE  POTENTIAL  DIFFERENCES  83 

The  Capillary  Electrometer.  The  advantage  of 
this  electrometer  consists  in  the  action  being- 
practically  a  static  one,  no  current  being  taken 
from  the  element  to  operate  it.  It  is  also  very 
sensitive  and  will  indicate  as  little  as  O'OOOl  volt. 
The  action  of  the  electrometer  depends  upon  the 
fact  that  the  surface  tension  at  the  surface  of 
separation  of  mercury  and  an  electrolyte  (in  this 
case  dilute  sulphuric  acid)  is  a  function  of  the 
difference  of  potential  existing  at  this  surface. 
Now  mercury,  when  in  contact  with  sulphuric  acid, 
acquires  a  positive  charge  through  the  separation 
on  its  surface  of  mercury  ions,  derived  from  traces 
of  dissolved  mercury  which  are  always  present. 
Any  increase  or  decrease  of  this  charge  brought 
about  by  an  outside  source,  alters  the  concentra- 
tion of  these  ions  in  the  immediate  vicinity  of  the 
mercury,  by  causing  some  mercury  either  to  pass 
into  solution  or  else  to  be  deposited  on  the  surface. 
The  effect  of  this  change  of  concentration  is  to 
alter  the  potential  between  the  mercury  and  the 
electrolyte;  this  affects  the  surface  tension,  and 
causes  the  thread  to  rise  or  fall  in  the  capillary 
tube.  In  the  above  form  of  electrometer,  this 
change  of  potential  is  mainly  concentrated  at  the 
capillary  column,  as  the  larger  surface  of  the 
mercury  in  the  bulb  renders  this  electrode 
practically  unpolarisable.  The  height  of  the 
column  of  mercury  in  U  above  that  in  the  capillary 
at  D  being  determined  by  the  surface  tension  at 
D,  it  follows  that  any  change  jn  the  potential 
difference  will  cause  the  level  at  D  to  be  raised  or 
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lowered  according  as  the  mercury  is  made  more 
positive  or  negative.  There  are  several  conditions 
to  be  observed  to  secure  a  proper  working  of  the 
electrometer.  Firstly,  in  order  to  compensate  for 
slight  differences  of  potential  between  the  two 
mercury  surfaces,  which  may  be  present  before 
the  measurement  is  made,  it  is  necessary 
that  the  two  surfaces  be  brought  to  the  same 
potential  immediately  before  the  instrument  is 
used.  This  is  effected  by  having  them  permanently 
connected  through  the  tapping  key  K,  except  for 
the  moment  during  which  the  tap  upon  the  key 
places  the  instrument  in  series  with  the  cell 
circuit;  the  second  condition  is  that  the  mercury 
in  the  capillary  tube  shall  only  be  polarised  as 
cathode,  but  even  in  this  case  the  polarisation 
should  not  exceed  one  volt,  or  else  hydrogen 
bubbles  will  be  formed  upon  the  surface.  Polarisa- 
tion as  anode  causes  the  mercury  to  become 
oxidised  and  so  contaminated.  To  overcome  either 
of  the  latter  defects  if  they  have  occurred  by 
accident,  it  is  necessary  to  renew  the  surface  of 
the  mercury  in  the  capillary  by  blowing  until  a 
drop  has  passed  over  into  the  larger  vessel. 

A  modification  of  the  Lippmann  electrometer  is 
seen  in  the  apparatus  in  Fig.  19.  This  form  of 
electrometer  does  not  require  the  use  of  a  lens  for 
reading  the  thread.  The  mercury  in  the  capillary 
at  D  is  balanced  by  the  column  at  H.  The  sensi- 
tiveness of  the  electrometer  can  be  adjusted  by 
altering  the  inclination  of  this  capillary  tube. 
The  terminals  are  attached  to  a  and  b,  and  the 
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surface  of  mercury  in  the  capillary  can  be  renewed 
by  allowing  some  of  the  mercury  to  run  over  from 
H  into  K.  This  column  at  H  can,  at  any  time, 
be  replenished  from  K  by  inverting  and  causing 
some  of  the  mercury  to  run  round.  Care  must  be 
taken  on  making  measurements  that  the  terminals 


ou 


K 


Fig.  19. 


a  and  6  are  always  in  contact  with  the  mercury  H 
and  K,  and  that  there  is  a  continuous  column  of 
dilute  sulphuric  acid  between  the  mercury  at  D 
and  at  K. 

Practical.     As  an  example  of  the  use  of  this 
method,   the   E.M.F.    of  a   Daniell   cell  may  be 
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determined  and  the  single  potential  differences  at 
the  copper  and  zinc  electrodes  measured  for  the 
different  dilutions  of  normal  and  tenth  normal 
solutions. 

The  following  solutions  will  be  required :  — 
100  cc.  normal  copper  sulphate  should  be  prepared 
by  weighing  out  12'391  grams  CuS04.5H20  and 
making  up  to  100  cc.  with  water  in  a  graduated 
flask.  Similarly  100  cc.  normal  zinc  sulphate  by 
weighing  out  14*269  grams  ZnS04.7H20.  Prepare 
a  zinc  rod  and,  after  soldering  a  copper  wire  to  one 
end,  clean  it  with  sandpaper  and  wash  finally  in  a 
little  dilute  sulphuric  acid.  Similarly  prepare  a 
thick  copper  wire  or  thin  narrow  strip  of  sheet 
copper  with  wire  attached;  this  should  be  coated 
with  a  film  of  electrolytic  copper  just  before  use 
and  then  washed  in  water. 

Preparation  of  the  "  Normal  Electrode."  An 
electrode,  the  exact  potential  of  which  is  known,, 
is  taken  as  a  standard;  with  this  we  can  construct 
experimental  cells  for  the  determination  of  the 
E.M.F.  of  the  electrode  with  which  it  is  joined.  The 
mercury  calomel  electrode  is  prepared  as  follows  : 
A  wide  mouth  bottle  (Fig.  20a)  of  about  50—100  cc. 
capacity  is  furnished  with  a  rubber  two-hole 
stopper.  Through  this  stopper  pass  two  tubes,  one, 
into  which  a  short  platinum  wire  is  sealed  (A), 
reaching  to  the  bottom,  the  other  B,  a  short  piece 
of  narrow  tubing  bent  at  a  right  angle  and  reaching 
to  just  below  the  stopper.  Sufficient  pure  mercury 
is  poured  into  the  clean  bottle  to  just  cover  the 
bottom;  the  tube  with  platinum  wire  is  adjusted  so- 
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that  the  platinum  is  covered  by  the  mercury.  A 
small  quantity  of  calomel  is  added  and  then  the 
bottle  filled  up  with  normal  potassium  chloride 
solution.  A  rubber  tube  provided  with  a  pinch, 
cock  C  and  a  piece  of  glass  tubing  twice  bent,  to 
serve  as  a  dipping  connection  with  the  vessel 
containing  the  other  electrode,  is  connected  to  the 


Fig.  20a. 

apparatus,  and  the  tubes  are  filled  up  with  normal 
potassium  chloride  solution. 

The  single  potential  difference  of  the  Normal 
Electrode  is  -0'560  volt  at  18°  and  -0'564  at  25°. 

If  YnN.  potassium    chloride    is    used    as    the 
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["electrolyte  the   cell  gives  -0'612  volt  at  18°,  and 

L-0'618  at  25°'     That  is,   in  the  former  case  at 

18°    there    is   a   tendency   of   0'560   volt   for   the 

current  to  pass  from  the   solution  to  the  metal. 

This  may  be  expressed  graphically 

N.  KC1  —  /Mercurous  Chloride, — /Mercury. 
— ->      0'560  volt. 


s~w*^- — 


Although  these  values  are  only  given  to  millivolts, 
the  cell  has  been  defined,  and  can  be  used  with 
an  accuracy  of  O'l  millivolt. 

The  E.M.F.  of  a  cell  may,  in  most  cases,  be 
considered  as  the  algebraic  sum  of  the  potential 
differences  at  the  two  poles.  Taking  the  case  of 
the  Daniell  cell,  which  we  can  construct  as  follows 
for  studying  its  E.M.F. : 

Take  a  small  glass  vessel  (Fig.  20b).  Fill  with 
normal  copper  sulphate,  and  insert  a  copper  pole 
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prepared  as  described  above,  and  in  a  second  vessel, 
containing  normal  zinc  sulphate  solution,  place  a 
zinc  pole.  The  two  solutions  are  joined  together, 
just  before  measuring,  by  a  piece  of  filter  paper  P, 
moistened  with  either  solution  (as  soon  as  the 
measurement  is  complete  the  filter  paper  is 
removed).  The  combination  so  arranged  is 
connected  up  with  the  bridge  and  electrometer,  as 
explained  above,  and  the  E.M.F.  measured  and 
noted.  The  cell  is  then  taken  apart  and  the  single 
potential  differences  measured  by  constructing  cells 
with  the  normal  electrode.  The  E.M.F.'s  so 
found,  together  with  a  knowledge  of  the  direction 
and  value  of  the  E.M.F.  of  the  Normal  Electrode, 
at  once  give  us  the  E.M.F.  Zinc  /Zinc  Sulphate 
and  Copper  /  Copper  Sulphate. 

The    values    are    best    graphically    represented 
:Zn./N.  ZnS04  ___  -    Hg2Cl3/KKCl.Hg. 

->  0-504  ->  0-560. 

E.M.F.  of  combination 

1-064 
Cu  .  /  N.  CuS04  -  Hg2Cl2/N.KCl.Hg. 

->  ?  ->    0-560. 

E.M.F.  of  combination 


The  direction  of  the  current  within  the  cell  is 
expressed  by  an  arrow,  and  the  value  of  its  E.M.F. 
given  by  the  number  alongside.  Thus,  by 
subtraction  from,  or  addition  to,,  the  values  of  the 
normal  electrode  already  known,  we  obtain  the 
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value  and  direction  of  the  P.D.  which  is  being 
measured. 

Compare  the  value  of  the  single  P.D.s  thus 
obtained  with  those  previously  measured  for  the 
complete  Daniell  cell. 

Similar  measurements  must  be  made  after  dilut- 
ing to  .5.  CuS04  and  A  ZnS04.  Finally,  obtain 

some  idea  of  the  sensitiveness  of  the  electrometer 
by  moving  the  slider  short  distances  (1  to  2mm.) 
on  each  side  of  the  zero  point  and  noting  the 
change  of  position  of  the  mercury  meniscus. 

[NOTE.]  The  potential  difference  which  arises  between  a 
metal  and  a  salt  solution  when  in  contact  may  be  expressed  by 
a  formula  which  has  been  derived  by  Nernst  by  considering 
the  change  in  free  energy.  The  view  is  taken  that 
every  metal,  in  contact  with  a  liquid,  possesses  a  certain 
definite  solution  pressure  whereby  the  metal  tends  to  pass 
into  solution  in  the  form  of  ions.  As  these  ions  carry  a 
positive  charge,  the  metal  electrode  must  receive  a  correspond- 
ing negative  charge.  An  electrical  double  layer  is  thus 
formed,  the  negatively  charged  metal  attracting  the  positively 
charged  ions,  so  that  a  state  of  equilibrium  is  finally  reached 
when  the  electro-static  attraction  in  the  double  layer  just 
balances  the  solution  pressure  of  the  metal.  If  ions  of  the 
metal  are  already  present  in  the  solution,  they  will,  by  virtue 
of  their  osmotic  pressure,  oppose  the  solution  tendency  of  the 
metal,  so  that,  in  this  case,  the  P.D.  set  up  between  the  metal 
and  the  electrolyte  will  just  equal  the  difference  between  the 
solution  pressure  of  the  metal  and  the  osmotic  pressure  of  the 
ions.  If  the  osmotic  pressure  of  the  ions  exceeds  the  solution 
pressure  of  the  metal,  then  ions  will  be  deposited  on  the 
electrode  imparting  to  it  a  positive  charge.  The  amount  of 
this  charge  can  be  calculated  by  considering  the  work  which 
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is  involved  when  a  metal  of  solution  pressure  P  passes  into 
ions  of  osmotic  pressure  pr  The  passage  of  the  metal  into 
ions  of  osmotic  pressure  P  (where  P  equals  the  solution 
pressure  of  the  metal)  takes  place  without  any  change  in 
energy,  since  the  change  takes  place  reversibly  and  spon- 
taneously. The  work  effected  by  the  ions  changing  from  the 
osmotic  pressure  P  to  pt  is  entirely  analogous  to  the  case  of  a 
gas. 

If  we  represent  the  change  of  pressure  as  taking  place  in 
an  infinite  number  of  intermediate  stages,  then  during  each 
one  we  have  the  work  w  =  vdp,  where  v  is  the  volume,  and 
dp  the  infinitely  small  change  of  pressure  during  the  particular 
stage.  The  sum  of  all  these  separate  stages  gives  us  the  total 

,P 
work,  thus  W=    I      vdp,  where  p  changes  continuously  from 

Ft.*.  * 

Since  v=       RT     ,  then 


W  =  RT        [dp      =  RTZn  JL. 

I    P  Pi 

Pi 

where  In  denotes  natural  logarithms. 

Now  the  work  may  be  expressed  electrically  by  putting 
W  =  e6,  where  e  corresponds  to  the  voltage  or  potential  which 
is  obtained  in  this  change,  and  b  the  quantity  of  electricity 

which  is  associated  with  1  gram  atom  of  metal  when  it  passes 

p 
into  the  ionic  state.     Hence    e&  =  RTZn  -     —  .     If  now,  e   is 

measured  in  volts,  then  6  =  nF  where  n  is  the  valency  of  the 
metal,  and  F  denotes  the  electro-chemical  equivalent  (96540 
coulombs).  Placing  for  R  its  value  in  calories  (T99)  and 
dividing  by  '239  (since  1  volt  coulomb  =  '239  cal.),  we  have 
R=8'316,  expressed  in  electrical  units.  The  natural  logarithms 
are  reduced  by  ordinary  logarithms  by  dividing  by  0'4343, 

and  we  have  e  =       8'316T      lo^  —  volt. 
•434371.96540     °  p, 


92  ELECTRO-CHEMISTRY 

(In  the  case  of  a  monovalent  substance,  and  at  the  temperature 

18°  (291°  abs.),  this  formula  takes  the  value  0'058  log  -). 

•P l 
The  above  formula  has  also  important  applications  in  dealing 

with  concentration  cells,  polarisation  effects,  etc. 


15.  GAS  CELLS. 

We  have  seen  above  (p.  90)  how  the  solution  of 
a  metal  can  act  electromotively  and  cause  the 
generation  of  an  electric  current.  This  is  due  to 
the  metal  possessing  a  "  solution  pressure," 
or  tendency  to  ionise  which  sets  up  a  definite  P.D. 
"between  the  metal  and  the  electrolyte. 

Gases  are  able  to  act  in  the  same  manner  when 
in  presence  of  an  unattackable  electrode  in  which 
they  have  the  power  of  dissolving.  For  instance, 
hydrogen  when  present  in  solution  in  such  an 
electrode  will  tend  to  ionise  thus  H2  —  >2H',  and 
leave  a  negative  charge  on  the  electrode.  The 
E.M.F  of  such  an  electrode  will  depend  on  the 
pressure  of  free  hydrogen  in  the  space  above, 
since  there  is  a  constant  ratio  between  this  and  the 
amount  in  the  electrode.  The  potential  difference 
can  be  expressed  by  a  formula  similar  to  that  used 
for  the  potentials  of  the  metals,  viz., 

0-0002T  , 


where  /^  is  a  constant  representing  the  solution 
pressure  of  the  hydrogen,  and  [H2]  is  the  concen- 
tration of  the  hydrogen  in  the  electrode,  and  [H'] 
that  of  the  hydrogen  ions  in  solution. 
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[NOTE.]     Taking  for  T  the  ordinary  room  temperature  18°, 
,-e  have   -e  =  »J?  log 


From  this  formula  it  follows  that  if  a  denotes  the  E.M.F. 
when  the  pressure  of  the  hydrogen  above  the  electrode  is 
1  atmosphere,  and  the  solution  normal  with  respect  to  hydrogen 
ions,  then  at  any  other  concentration  the  E.M.F.  will  be  given 

by  e  =  a  -J^§  log  &!-«-  -0291og[H2]+  -0581og[H-]. 

In  the  same  way  gases  which  form  anions  will 
act  electromotively,  such  as  chlorine  and  oxygen. 
In  the  case  of  the  latter  we  have  the  following 
reaction:  —  02  ->  20"  +4©.  The  0"  ion  then 
reacts  with  water  to  give  the  equilibrium 

0"  +  H20  71   20H', 
so  that  [0^-KfOH7]2. 

The  E.M.F.  of  the  oxygen  electrode  is  therefore 
expressed  by 


Q-0002T          fe'[02]  _0-OOQ2T1 

g         "2  =  g 


where  &0  = 


4  [O"]2  4  5  [OH']4 

k' 

K 


[NOTE.]  In  this  case,  if  6  denotes  the  E.M.F.  of  the  electrode 
when  the  pressure  of  oxygen  is  atmospheric,  and  the  solution 
normal  with  regard  to  OH  ions,  then  the  E.M.F.  at  any  other 


concentration  is  given  by  e  =  b  +    '        log 

4 

If  two  gas  electrodes,  such  as  those  with 
hydrogen  and  oxygen,  are  combined  by  connecting 
the  electrolyte  in  each,  we  have  an  arrangement 
in  which  these  gases  combine  isothermally  at 
ordinary  temperatures  with  the  production  of 
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electric  energy.  This  electromotive  action  will 
continue,  yielding  a  current,  as  long  as  any  gas 
remains  about  both  electrodes.  It  is  important, 
for  this  purpose,  that  the  platinum  electrodes 
should  be  well  platinised  in  order  to  enable  the 
solution  of  the  gases.  The  electromotive  force  of 
this  combination  of  a  hydrogen  and  oxygen 
electrode  is  given  by  the  formula  — 


_  0-0002T  7^[H2]      Q-0002T  ,         7c0[02] 

~~      lo  ~~    lo" 


(log  £T[H2p0[02)*  -  2  log  [IT]  [OH']. 

Now  if  both  electrodes  are  immersed  in  the  same 
electrolyte,  then  [H']  [OH'J^K,  since,  according 
to  the  law  of  mass  action,  the  product  of  hydroxyl 
and  of  hydrogen  ions  must  always  be  a  constant 

.'.  e  =  0'OOOlT  log  &2[H2][02]*  where  h  =  ^f 

From  this  we  see  that  the  E.M.F.  of  an  oxy- 
hydrogen  cell  is  independent  of  the  nature  of  the 
electrolyte,  providing  the  same  solution  is  around 
both  electrodes,  and  such  is  indeed  found  to  be  the 
case  in  practice. 

As  a  rule  the  potentials  of  gas  electrodes  do  not 
quite  reach  their  maximum  value  until  after 
standing  for  some  time,  in  some  cases,  a  lapse  of 
several  days  being  necessary. 

As  the  E.M.F.  of  a  gas  electrode  varies  directly 
as  the  logarithm  of  the  amount  of  gas  present, 
considerable  differences  of  pressure  and  amounts  of 
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impurities  only  cause  a  small  alteration  in  the 
potential. 

Practical.  The  vessels  to  be  used  as  oxygen  and 
hydrogen  electrodes  have  the  form  shown  in 
Fig.  21.  The  glass  cylinder  A  is  coated  with  a 
layer  of  platinum  and  serves  as  an  electrode.* 

A  thin  piece  of  platinum  wire  is  sealed  through 
the  bottom  of  this  glass  tube  so  as  to  make  connec- 
tion between  the  outside  coating  and  mercury 
which  is  placed  inside.  This  mercury  enables 
connection  to  be  made  with  the  leading  in  wire. 

The  electrolyte  is  placed  inside  the  vessel  to  the 
level  B  so  as  to  partly  cover  the  foil,  and  a  slow 
current  of  the  gas  (hydrogen  or  oxygen)  is  allowed 
to  pass  through,  entering  at  C,  bubbling  through 
the  electrolyte,  and  passing  out  through  the  wash 
bottle  at  D. 

A  syphon  tube  is  inserted  in  the  cup  E,  and 
serves  to  make  connection  with  the  electrolyte  of 
another  element.  This  element  can  then  be 
combined  with  a  second,  e.g.,  a  hydrogen  one  with 
an  oxygen  electrode,  or  either  with  a  calomel 
electrode.  This  is  arranged  by  immersing  the 
syphon  tubes  from  each  vessel  into  any  common 

*  Glass  can  be  conveniently  covered  with  an  adherent  film  of 
platinum  by  coating  with  a  solution  prepared  as  described 
below,  and  then  warming  to  about  200°,  when  decomposition 
takes  place. 

0'3  grm.  platinic  chloride  is  moistened  with  cone.  HC1  and 
mixed  with  1  cc.  cone,  boric  acid  solution.  After  dissolving 
in  alcohol,  1  cc.  French  turpentine  and  2  cc.  oil  of  lavender 
are  added. 
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electrolyte,  so  as  to  form  a  connection,   through 
the  solution,  between  the  two  electrodes. 


Fig.  21. 
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The  E.M.F.  of  such  a  combination  can  then  be 
measured  by  leading  wires  from  the  two  electrodes 
to  a  suitable  potentiometer  or  slide  wire  bridge 
where  the  potential  can  bo  balanced  by  that  of  a 
known  amount.  (Compare  p.  82.) 

These  platinum  coated  glass  cylinders  sometimes 
give  untrustworthy  results,  probably  on  account 
of  the  influence  of  some  impurity  introduced  in  the 
platinum.  More  reliable  results  are  usually 
obtained  by  using  rectangular  electrodes  of  thin 
platinum  foil.  A  lapse  of  several  hours  is, 
however,  sometimes  needed  in  this  case  for  the 
platinum  to  become  saturated  with  the  gas  and 
give  the  maximum  value. 

An  electrode,  such  as  the  above,  in  which 
hydrogen  at  atmospheric  pressure,  in  contact  with 
platinum,  is  placed  over  a  solution  of  acid  of 
normal  strength  is  sometimes  taken  as  a  standard 
of  single  potential  difference.  The  E.M.F.  is 
+  0-277  volt. 

16.  DECOMPOSITION  VOLTAGES. 

In  order  to  cause  the  electrolytic  decomposition 
of  a  solution  it  is,  in  every  case,  necessary  to  apply 
a  certain  minimum  E.M.F.  below  which  con- 
tinuous electrolysis  will  not  take  place.  The 
process  may  be  regarded  as  analogous  to  that  of 
the  boiling  of  a  liquid,  where  there  is  a  definite 
temperature  at  which  continuous  vaporisation 
takes  place,  under  any  given  pressure.  Below  this 
temperature  a  quantity  of  vapour  is  evolved  until 
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present  in  the  surrounding  atmosphere  at  a 
certain  pressure,  when  further  action  ceases.  An 
exactly  similar  phenomenon  takes  place  in  the 
electrolysis  of  a  liquid.  Here  the  smallest  E.M.F. 
causes  a  certain  momentary  decomposition,  which 
almost  entirely  ceases  as  soon  as  the  products  of 
the  electrolysis  have  attained  a  certain  concentra- 
tion on  the  electrodes.  The  presence  of  these 
separated  elements  on  the  electrodes  then  sets  up 
an  opposing-  E.M.F.  which  just  balances  that 
applied.  If  these  products  are  gases  they  will 
slowly  be  removed  by  dissolving  in  the  solution 
and  diffusing  away,  so  that  a  small  residual  current 
will  be  maintained  to  restore  this  loss .  When  the 
products  of  an  electrolysis  are  gases,  the  action 
further  follows  the  analogy  of  the  boiling  of  a 
liquid  in  that  the  decomposition  point  is  a  function 
of  the  atmospheric  pressure,  and  at  very  low 
pressure  takes  place  with  an  expenditure  of  energy 
which  becomes  zero  or  even  negative.* 

The  reactions  at  the  electrodes  during  electro- 
lysis are  of  a  completely  reversible  nature,  the 

*  This  particular  case  of  the  effect  of  pressure  on  the  decom- 
position voltage  of  water  is  a  good  illustration  of  the  discrep- 
ancy which  exists  between  the  total  and  free,  energy  of  a 
chemical  action. 

We  are  here  considering  the  free  energy  or  maximum  work 
which  can  be  yielded  by  the  reaction,  and  this  quantity  varies 
with  the  concentration  of  the  reacting  substances  and  becomes 
zero  when  these  are  in  equilibrium  with  the  product.  The 
total  energy,  on  the  other  hand,  which  is  equivalent  to  the 
calorific  value  of  the  reaction  is  always  constant  at  any  given 
temperature. 
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same  E.M.F.  being  necessary  to  decompose  a 
liquid  as  that  which  is  given  in  a  cell  where  the 
constituents  combine  electromotively  to  form  that 
compound.  As  in  a  primary  cell,  so  in  the 
decomposition  of  a  solution,  we  are  always  dealing 
with  two  additive  effects,  the  reaction  at  the 
anode  and  that  at  the  cathode,  so  that  the 
decomposition  voltage  of  a  liquid  is  equal  to  the 
sum  of  the  single  values  for  anion  and  cation. 
The  potential  difference  at  the  two  electrodes 
during  electrolysis,  can  be  separately  measured  by 
the  use  of  a  Normal  Electrode  arranged  as  shown 
in  the  diagram  (Fig.  22). 

A  and  B  are  connected  to  a  source  of  current 
at  sufficient  potential  just  to  cause  continuous 
electrolysis.  The  syphon  tube  of  the  normal 
element  or  hydrogen  electrode  N  is  immersed  in 
the  solution,  and  care  must  be  taken  that  the 
•electrolyte  fills  this  tube  and  connects  the  solutions 
of  both  cells.  The  syphon  tube  S  should  be  placed 
outside  the  line  of  flow  of  the  current  between  the 
electrodes  A  and  B. 

The  single  potential  difference  between  B  and 
the  solution  can,  with  the  above  arrangement,  be 
measured  as  in  the  case  of  the  potentials  between 
metals  and  salt  solutions,  which  is  described  on 
p.  88.  The  E.M.F.  between  B  and  N  is  measured 
"by  the  compensation  method,  with  the  use  of  the 
Lippmann  electrometer.  By  subtracting  from 
this  the  known  value  for  the  E.M.F.  of  the  normal 
electrode,  we  obtain  the  potential  difference 
between  B  and  the  solution.  Similarly,  that 
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between  A  and  the  solution  is  measured  by  joining 
A  and  1ST  to  the  potentiometer. 

[NOTE.]  The  formula  which  was  deduced  for  the  single 
potential  difference  between  a  metal  and  a  salt  solution  also 
applies  to  the  voltage  necessary  for  decomposition,  i.e., 


P 

Here  P    represents   the    solution    pressure    of   the    separated 

element  and  p  the  osmotic  pressure  of  the  ions  in  solution. 
This  formula  thus  applies  to  the  reversible  process  of  the 
decomposition  of  a  solution  and  of  its  electro-chemical  synthesis,. 
It  must  be  remembered  that  solutions  usually  contain  a  good 
many  different  kinds  of  ions  which  exist  in  very  varying 
quantities,  and  that  in  using  the  above  formula,  each  of  these 
varieties  of  ions  must  be  treated  separately  as  they  all  possess 
different  decomposition  potentials.  Thus,  in  the  case  of  pure 
water,  we  have  the  ions  H',  OH'  and  0",  and  in  a  solution  of 
H2S04  there  occur,  in  addition,  HS04/  and  SO/. 

The  decomposition  point  of  the  different  ions  was  investi- 
gated by  Nernst  and  Glaser  (Zeit.  Elektroch.,  iv,  355,  373,  397, 
[1898]).  Two  electrodes  were  taken,  one  of  a  large  platinum 
foil  and  the  other  of  a  short  wire  or  fine  point  of  the  same 
metal.  The  electrodes  were  joined  in  series  with  a  delicate 
galvanometer,  and  the  applied  voltage  gradually  increased, 
until  a  sudden  rise  in  the  galvanometer  reading  occurred, 
indicating  that  the  separation  point  of  some  ion  on  the  point 
electrode  had  been  reached. 

By  making  the  platinum  point  cathode,  and  the  foil  anode, 
and  saturating  the  latter  with  oxygen,  the  voltage  at  which 
continuous  decomposition  set  in  gave  the  difference  between 
the  decomposition  potential  of  the  cation  and  the  known  value 
for  that  of  the  oxygen  electrode.  To  investigate  the  separation 
of  an  anion,  the  point  was  used  as  anode  and  the  foil  made 
into  a  hydrogen  electrode. 

With  an  ion  which  is  present  in  large  quantities,  a  sharp  rise 
was  obtained  in  the  curve,  which  gives  the  relation  between. 
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P.D.  and  current,  as  soon  as  the  decomposition  value  was 
reached,  while,  if  present  only  in  small  quantities,  a  smaller 
rise,  or  simply  a  bend  in  the  curve  resulted.  In  this  way 
values  for  the  separation  potentials  were  found  as  follow. 

Measured  against  the  hydrogen  electrode  as  zero,  the 
values  were  : — 

For  0"  1'08  volt 

OH'  T67  „ 
S04"  1-98  „ 
HS04"  2-65  „ 

For  cations,  measured  against  the  oxygen  electrode  as  zero 
(whereby  H'  separates  at  1'08), 

K-      at  1-3 
Na'   at  1'28 
Ba'    at  1-18 
Mg'  at  1'39 

In  the  reversible  reaction  in  an  oxyhydrogen  cell,  we  only 
deal  with  the  H'  and  0"  ions,  the  combined  potential  of 
which  is  T08  volt  (at  N.T.P.).  In  the  electrolysis  of  water, 
however,  on  account  of  the  very  small  quantity  of  the  0"  ions 
present,  the  decomposition  at  I'l  volt  is  almost  imperceptible, 
and  with  platinum  electrodes  it  is  only  at  1'68  volt,  when  the 
OH7  ion  separates  (on  platinum)  that  any  considerable 
decomposition  sets  in.  The  difference  between  this  theoretical 
point,  1'08  volt,  and  the  actual  voltage  necessary  for  the 
decomposition  of  water,  1'68  volt  has  also  been  ascribed  to 
the  overvoltage  effect  in  oxygen  evolution  on  platinum  (cf. 
infra). 

Overvoltage.  In  certain  cases  in  practical 
electrolysis,  where  gases  are  the  products  of 
decomposition,  a  discrepancy  appears  between  the 
theoretical  decomposition  potential  and  the  voltage 
.actually  necessary  for  the  decomposition  of  the 
solution.  When  platinum  electrodes,  with  well 
platinised  surface  are  used,  decomposition  at  the 
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cathode  takes  place  at  almost  exactly  the  theoretical 
value,  but  with  electrodes  of  other  metals  a  higher 
E.M.F.  is  usually  necessary.  This  effect,  which 
was  first  investigated  by  Caspar!,*  is  known  as 
overvoltage,  and  is  of  far-reaching  importance  in 
technical  electrolyses. 

Caspari  took  cathodes  of  different  metals,  mostly 
in  the  form  of  short  thin  wires,  and,  while  gradually 
increasing  the  voltage,  noticed  the  point  at  which 
the  formation  of  bubbles  of  hydrogen  first  took 
place.  The  value  for  the  single  potential  differ- 
ence was  then  compared  with  that  given  by  the- 
reversible  oxyhydrogen  cell  and  the  difference  was 
termed  the  overvoltage.  With  an  electrolyte  of 
normal  sulphuric  acid,  the  cathodic  overvoltage 
was  found,  in  the  case  of  platinised  platinum,  to 
be  as  low  as  0'005  volt,  and  with  smooth  platinum, 
O09  volt.  The  value  was  relatively  low  with  all 
the  noble  metals  and  with  iron  and  nickel,  but 
increased  with  the  more  electro-positive  metals  : 
cadmium,  tin,  lead,  zinc,  and  mercury,  amounting,, 
in  the  lead  case,  to  as  much  as  0'78  volt. 

The  overvoltage  varies  somewhat  with  the  nature 
of  the  surface  of  the  metal  being  usually  a  little 
higher  with  a  smooth  than  with  a  rough  surface  of 
metal. 

In  the  case  of  the  above  metals  the  high  over- 
voltages  are  probably  in  part  connected  with  the 
fact  that  before  hydrogen  can  be  liberated  on  their 
surface  the  high  solution  pressure  of  the  metal 

*  Zeit.  Phys.  Chem.,  xxx,  89,  1899. 
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must  be  first  overcome.  This  view  also  provides 
an  explanation  of  the  fact  that  in  the  case  of  those 
metals  which  show  a  high  overvoltage,  the  presence 
of  traces  of  impurities  causes  a  large  lowering  of 
the  overvoltage.  In  such  cases,  the  presence  of 
substances  with  lower  solution  pressures  enables 
the  evolution  of  hydrogen  locally.  In  the  case  of 
zinc,  with  an  amalgamated  surface,  the  presence 
of  the  layer  of  mercury  prevents  the  impurities 
present  from  lowering  the  overvoltage  by  always 
presenting  a  surface  film  of  mercury,  so  that  zinc, 
treated  in  this  way,  is  not  dissolved  by  acids. 

Overvoltage  at  the  Anode.  The  potential  at 
which  continuous  electrolysis  of  water  takes  place 
was  found,  in  the  case  where  platinum  electrodes 
were  used,  to  be  1'68  volt.  The  decomposition 
point  with  electrodes  of  other  metals  was  investi- 
gated by  Coehji  and  Osaka, *  who  used  a  solution 
of  potassium  hydroxide  and  found  that  the  follow- 
ing P.D.s  between  anode  and  cathode  were 
necessary  to  cause  continuous  electrolysis  :  — 

With  spongy  nickel        1'28 

,,  smooth  nickel        1'35 

,,  cobalt      1*36 

,,  iron 1*47 

,,  platinised  platinum      T47 

,,  smooth  palladium         1'65 

,,  smooth  platinum 1'67 

„  gold         • 1-75 

*  Zeit.  anorg.  Chem.,  xxxiv,  86,  1903. 
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The  very  small  residual  current  below  these 
voltages  showed  an  increase  at  1*1  volt,  showing 
this  to  be  the  real  decomposition  point  of  water. 
Anodic  polarisation  increases  with  time,  at  first 
rapidly,  then  gradually  converging  to  a  maximum 
value  at  which  it  remains  constant.  The  same 
effect  is  observed  in  a  smaller  degree  in  the 
liberation  of  hydrogen  on  cathodes  of  smooth 
metals,  when  a  rather  high  current  density  is  used. 
The  phenomenon  of  overvoltage  is  a  very  im- 
portant factor  in  reactions  in  which  oxidations  or 
reductions  are  effected  electrolytically.  As 
explained  on  p.  106,  chemical  oxidations  and 
reductions  consist  in  the  taking  up  of  positive  and 
negative  charges  of  electricity  respectively.  The 
potential  at  which  these  charges  must  be  applied 
varies  with  different  substances,  and  the  more 
difficult  it  is  to  oxidise  or  reduce  a,  substance  the 
higher  the  potential  must  be.  The  liberation  of 
the  ions  in  solution  sets  a  practical  limit  to  the 
potential  difference  which  can  be  maintained 
between  the  electrode  and  the  electrolyte.  By 
selecting  for  the  electrode  a  metal  which  shows  a 
high  overvoltage,  this  potential  difference  can  be 
raised,  and  oxidations  or  reductions  effected  which 
would  not  be  possible  with  the  lower  value.  The 
voltage  between  electrode  and  electrolyte  can  also 
be  raised  by  increasing  the  current  density.  It  is 
partly  for  this  reason  of  securing  definite  potential 
differences  that  the  current  density  has  to  be 
carefully  regulated  in  conducting  electrolytic  re- 
actions. 
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The  part  played  by  overvoltage  in  effecting 
oxidations  or  reductions  can  also  be  regarded  as 
due  to  the  pressure  of  the  gas  at  the  surface  of  the 
electrode. 

Practical.  By  means  of  the  apparatus  shown  in 
Pig.  22,  measure  the  single  potential  differences 


Fig.  22. 

at  the  electrodes  during  the  electrolysis  of  dilute 
sulphuric  acid.  Take  first  electrodes  of  platinised 
platinum,  and  by  means  of  the  regulating  resist- 
ance shown  in  the  figure  gradually  increase  the 
voltage  between  the  electrodes  until  a  continuous 
electrolysis  just  sets  in.  Using  either  a  calomel 
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electrode  or  a  hydrogen  electrode,  and  by  joining- 
N,  and  either  A,  or  B,  to  the  potentiometer,  the 
combined  potential  of  the  normal  electrode  and 
that  at  A  or  B  is  measured.  From  this  the  single 
potential  difference  between  the  electrolyte  and 
either  electrode  can  be  calculated. 

Substitute  now  for  the  platinum  cathode  one  of 
the  other  metals,  such  as  nickel,  copper  and  lead, 
and  find  the  magnitude  of  the  overvoltage. 

In  the  case  of  copper  see  what  difference  exists 
between  samples  of  the  metal  when  the  surface 
has  been  freshly  electro-deposited,  when  hardened, 
and  when  annealed. 

17.  ELECTRICAL  POTENTIALS  OF  OXIDIS- 
ING AND  REDUCING  MEDIA. 

If  an  unattackable  electrode,  such  as  platinum, 
is  placed  in  an  oxidising  solution  it  will  acquire  a 
positive  charge  relatively  to  the  solution,  and  if 
placed  in  a  reducing  solution,  it  will  receive  a 
negative  charge.  A  change  from  a,  higher  to  a 
lower  stage  of  oxidation  is  always  accompanied  by 
the  surrender  of  a  positive,  or  else  by  the  taking 
up  of  a  negative  charge.  Thus,  the  change  from 
the  ferric  ion  to  ferrous  ion  can  be  expressed  as 

Fe-"->Fe"  +© 

or  as  Fe  •  •  •  +  0  =  Fe  •  • 

Reducing  agents,  on  the  other  hand,  change  fro-in 
a  lower  to  a  higher  stage  of  oxidation  by  the 
surrender  of  a  negative  or  else  by  taking  up  a 
positive  charge. 
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Thus  Fe  •  •  ->Fe  •  •  •  +  0  or  Fe  •  •  +  0->Fe  •  •  • 
Similarly    with    zinc   Zn  —  >Zn*+0     and     tin 
Sn-->Sn  ----  +20. 

If  an  oxidising  substance  is  present  in  an 
aqueous  solution,  its  affinity  for  a  negative  charge 
will  tend  to  deprive  the  hydroxyl  ions  of  their 
charge,  and  liberate  oxygen  in  the  free  state. 
Thus,  in  the  case  of  cobaltic  sulphate,  when  in 
presence  of  sulphuric  acid,  this  affinity  is  sufficient 
to  cause  the  spontaneous  evolution  of  oxygen, 
reaction  taking  place  according  to  the  equation  : 

Co2(S04)3  +  H20  =  2CoS04  +  H2S04  +  0, 
or  expressed  ionically  :  — 


In  presence  of  a  normal  solution  of  hydrochloric 
acid,  chlorine  is  liberated.  Similarly,  a  reducing 
body  will  tend  to  liberate  the  hydrogen  by  depriv- 
ing the  ions  of  their  positive  charge. 

In  cases  where  these  oxidation  and  reduction 
tendencies  are  not  sufficient  to  decompose  water  at 
ordinary  pressures,  a  certain  amount  of  hydrogen 
or  oxygen  will,  in  every  case,  be  liberated  until  it 
reaches  a  certain  pressure  in  the  solution  and 
satisfies  an  equilibrium  as  expressed  by  the 
equation  — 

2Fe--+2H'7-2Fe-"+H2 
2Cr--+2H'7-2Cr  —  +  H2 

The  potential  set  up  on  the  electrode  by  any  of 
these  solutions  can  be  calculated  indirectly  from 
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the    effect    of   this    hydrogen   or    oxygen    in   the 
following  manner  :  — 

Taking  the  case  of  reducing  media,  a  platinum 
plate,  if  immersed  in  such  solutions,  will  dissolve 
a  definite  amount  of  hydrogen.  As  we  have  seen 
in  the  chapter  on  gas  cells,  this  dissolved  hydrogen 
will  exert  an  electrolytic  solution  pressure, 
causing  it  to  become  negatively  charged,  and  the 
amount  of  this  charge  will  depend  on  the  quantity 
of  free  hydrogen  in  solution,  and  on  the  opposing 
osmotic  pressure  of  the  hydrogen  ions.  In  this 
way  the  potential  difference  arising  between  a 
reducing  solution  and  a  platinum  plate  gives  a 
quantitative  value  to  the  reduction  tendency. 

In  the  case  of  the  ferrous  ion  (when  in  presence 
of  some  ferric),  acting  as  represented  in  the  above 
equation,  the  concentration  of  the  hydrogen  may, 
according  to  the  law  of  mass  action,  be  expressed 


The  hydrogen  will  then  act    electromotively,  thus, 
H2-*2H-  +20,  and  will  give  an  E.M.K  which 


can  be  denoted  by  log          |  which  equals 

0-0002T  ,       &'(Fe--WEM2  k'Fe  -  • 

—  ^    (H.)'(ge---)'-  °'00°2T  10g    F?- 
(  ......  a)  where  k'  =  k-Jtz. 

A  mixture  of  a  ferrous  and  ferric  salt  may  also 
be  regarded  as  an  oxidising  medium  and  can  be 
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dealt  with  in  an  analogous  manner  from  the  stand- 
point of  the  following  equation  :  — 

7  2Fe  +0  +  H20. 


This  equilibrium  must  exist  simultaneously  witk 
the  former  2 


In  these  systems  the  H'  and  OH/  must  also  be 
in  equilibrium,  viz.,  H' 


Representing  now  the  oxidising  tendency  of  this 
salt  by  the  equation  — 

2Fe  "  +  20H71  4Fe"  +  02  +  2H20, 
then,  according  to  the  law  of  mass  action, 
0  =  fc.(Fe-)*(OH7 

(Fe-)" 

The   oxygen   potential   is  then  expressed   by  the 
equation  — 

0-0002  T  ,         7<09) 

-*=  —  ^- 

_0-0002T          (fe")4( 

4  (Fe")4((OH)') 


where 

These  formulae  can  be  derived  directly  by  repre- 
senting the  change  of  ferrous  to  the  ferric  ion  as 
Fe"->Fe"-  +  ©.  In  this  reaction  the  ferrous  ion 
is  regarded  as  having  a  certain  tendency  to  take 
on  an  additional  positive  charge,  which  is 
analogous  to  the  solution  pressure  of  a  metal 
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(vide  p.  90),  and  consequently  the  E.M.F.   may 
be  expressed  by  the  formula 

"(Iv77! 

which  is  the  same  as  a. 

The  reduction  of  ferric  to  ferrous  may  similarly 
be  represented  by  Fe'" — >Fe"+  ©  ,  and  the 
E.M.F.  expressed  by  the  formula 


which  is  the  same  as  @. 

By  taking  kr  = ,  we  see  that  in  the  formulae 

fe ' 

a  and  ft,  denoting  the  potentials  of  a  ferric-ferrous 
mixture, — regarded  in  the  one  case  as  a  reducing 
compound  and  in  the  other  as  an  oxidising 
compound — are  equal. 

The  extent  to  which  one  solution  can  oxidise  or 
reduce  another  can  readily  be  ascertained  by 
measuring  the  oxidation  or  reduction  potentials  at 
various  relative  dilutions.  For  instance,  in  a 
solution  containing  a  mixture  of  ferrous  and  ferric 
ions,  the  largest  excess  of  the  latter  never  gives  a 
positive  charge  as  high  as  the  most  dilute  solution 
of  gold  chloride.  Consequently  gold  is  always 
precipitated  from  such  a  solution  by  a  ferrous  salt. 

Further,  a  measurement  of  the  effect  of  dilution 
on  the  potential  of  an  oxidising  or  reducing 
process,  will  often  give  valuable  evidence  concern- 
ing the  nature  of  a  reaction  and  the  number  of 
molecules  involved. 
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It  will  be  observed,  from  the  above  formulae, 
that  oxidising-  agents  are  more  powerful  in  acid, 
and  reducing  agents  in  alkaline  solutions.  This 
is  on  account  of  the  higher  E.M.F.  set  up,  in  the 
former  case  through  the  scarcity  of  the  hydroxyl 
ions  which  makes  the  oxygen  potential  higher, 
and  in  the  latter  case  through  the  small  number 
of  the  hydrogen  ions,  which  raises  the  potential  of 
the  dissolving  hydrogen.  Thus,  in  the  case  of 
eerie  and  cerous  sulphates  in  acid  and  in  alkaline 
solutions  the  following  values  have  been  found  for 
the  single  potential  differences  between  a  platinum 
plate  and  the  solutions  :  — 

(a)  0'lMol.Ce(S04)2  +  0'05Mol.Ce2(S04)3  +  1'OMol. 

H2S04=+ 1'12  volt. 

(6)  0'15Ce02,0-05Ce203  in  cone.  K2C03 

'=- 0-27  volt. 

It  must  be  remembered  that  oxidation  and 
reduction  effects  can  only  be  regarded  from  a 
relative  standpoint,  just  as  in  the  case  of  the 
classification  of  metals  in  the  electromotive  series 
as  positive  or  negative.  The  nature  of  the  charge 
which  a  solution  imparts  to  the  immersed  elec- 
trode will  of  course  depend  upon  the  definition  of 
the  zero  potential. 

Practical.  The  measurement  of  oxidation 
and  reduction  potentials  is  carried  out  in 
precisely  the  same  manner  as  that  used  for  the 
measurement  of  the  single  potential  differences 
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between  metals  and  salt  solutions.  A  platinum 
electrode,  with  well  platinised  surface  forms  one 
terminal,  and  is  immersed  in  the  solution  which 
it  is  desired  to  investigate.  This  electrode  is  then 
connected  with  a  suitable  normal  electrode,— 
either  a  calomel  or  a  hydrogen  electrode,  the 
liquids  in  each  being  joined  by  means  of  a  syphon, 
either  directly  or  through  any  intermediate 
electrolyte.  The  electrode  of  the  normal  element 
forms  the  second  terminal,  and  thus  completes 
the  cell.  This  is  joined  to  a  Lippmann  electro- 
meter, through  a  tapping  key,  and  on  to  a  slide 
wire  potentiometer,  which  is  adjusted  until  the 
electrometer  indicates  that  the  E.M.F.  of  the  cell 
is  just  compensated  by  that  along  the  wire.  If 
ac  is  the  length  of  slide  wire  when  this  balance  has 
been  effected,  and  ac'  is  the  position  of  balance 
when  a  standard  cell  (Weston  or  Clark)  is  used  in 
place  of  the  electrode  combination,  then  the 

E.M.F.  of  the  latter  is  equal  to  E   ^L    where  E  is 

ac 

the  E.M.F.  of  the  standard  cell.  On  subtracting 
from  E  the  value  for  the  normal  electrode  en,  we 
have  elt  the  single  potential  difference  between  the 
liquid  and  the  platinum  electrode. 

It  is  to  be  noted  that,  in  many  cases,  the  charge 
on  the  electrode  only  reaches  its  maximum  value 
after  the  lapse  of  a  considerable  time. 

Measure  the  potential  of  the  following  oxidation 
media :  — 
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0'5  Normal  HC10  in  N.H2S04  + 1'26  volt.' 

1-0  Normal  HC103  +T05  ,, 

6'0  Normal  HC103  +  T20  ,, 

HN03  (95%)  +   '82  „ 

HN03  (35%)  +   -75  „ 

HN03  (6%)  +   '67  „ 

0-1  Normal  HMn04  +118  „ 

0-09  Mol.FeCl,  +  O'Ol  Mol.FeCl,  +   '43  „ 

0-01  Mol.FeCla  +  0-09  Mol.FeCl,  +    '32  „ 

These  figures  are  based  on  the  value  0'277  for  the 
normal  hydrogen  electrode,  and  —  '612  for  the 
deci-normal  calomel  electrode. 

Measure  the  potential  of  the  following  reducing 
media  :  — 

I'O  N.  Cu2Cl2  in  concentrated  HC1  solution. 
I'O  N.  Cu2Cl2  in  ammoniacal  solution. 
0-1  N.  SnCl2  in  5  N.  HCL  solution. 
I'O  N.  Na2Sn03  in  5  N.  NaOR  solution. 

Measurement  of  the  Oxidation  Potentials  of 
Peroxides.  Cover  a  platinum  foil  electrode  with 
a  deposit  of  manganese  peroxide  or  lead  peroxide. 
This  can  be  conveniently  carried  out  by  electro- 
deposition  from  a  solution  of  a  salt  of  the  metal 
in  presence  orf  10%  nitric  acid,  when  a  coherent 
deposit  of  the  peroxide  forms  on  the  anode  (compare 
p.  60).  These  peroxides  are  good  conductors  of 
electricity.  Measurements  can  now  be  made  of  the 
oxidation  potentials  of  these  electrodes  in  various 
electrolytes  by  immersing  in  the  solution  and 
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combining  with  a  second  normal  electrode  in  the 
manner  described  above  with  the  platinum  foil. 
The  following  cases  should  be  investigated  :  — 

Single 

Experi-  Potential 

ment.    Electrode.  Electrolyte.  Difference. 


1  Pb02 

2  Pb02  0'5N.H2S04 

3  Mn02  0-5  N.H2S04  +  0-05  K 

4  Mn02  0-1  tf.  KOH 

The  mechanism  of  the  reaction  in  the  case  of 
manganese  peroxide  in  a  sulphuric  acid  electrolyte 
is  as  follows  :  — 

The  solution  in  the  neighbourhood  of  the 
electrode  becomes  saturated  with  Mn(OH)4  which 
then  reacts  according  to  the  equation  — 

Mn(OH)4  +  2H2S04^  Mn(S04)2  +  4H20. 

Since  the  amount  of  Mn(OH)4  and  H20  may  be 
taken  as  constant,  it  follows  that 

[H.SOJ 


[Mn(S04)J-      )r[Mn--]~ 
The  Mn""  then  reacts  according  to  the  equation  — 

2Mn""  +  40H'  ^  1  2Mn"  +  02  +  2H20. 
The    concentration     of     this    free     oxygen     is 
expressed  by  the  formula  — 

0        K[Mn--p[OH']* 

[Mn-]2 
Consequently,  the  oxidation  potential  is  equal  to 

0-0002T         fephr"-]2[OH']* 
4     "io^      [OH']*[Mn-])2 

0-0002T        Jfc'[Mn--] 
"T"  l0^      [Mn-]    ' 
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Since,  as  shown  above,  [Mn""]=  *-     -* 

4A? 


oB 

From  this,  it  is  seen  that  the  oxidation  potential 
of  Mn02  is  more  positive  the  higher  the  concen- 
tration of  acid,  and  conversely,  in  an  alkaline 
solution,  where  the  concentration  of  the  H'  is  very 
low,  is  more  negative.  An  exactly  similar  relation 
Jiolds  in  the  case  of  Pb02. 
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PART  II. 
ELECTROLYTIC  PREPARATIONS. 

1.  ELECTRO-CHEMICAL  METHODS  OF 
REDUCTION. 

Reduction  of  Aromatic  Nitro  Compounds.  The 
final  product  in  the  reduction  of  aromatic  nitro 
compounds  is  the  amine,  but  a  large  number  of 
compounds  can  be  obtained  from  intermediate 
stages  of  reduction  by  varying  the  conditions  of 
the  electrolysis,  such  as  the  choice  of  electrolyte, 
electrodes,  etc.  Thus,  in  acid  solutions,  it  has 
been  found  that  when  platinum  electrodes  are 
used,  the  amines  are  seldom  formed  in  large 
amounts.  Elbs*  found  that  if  a  zinc  cathode  is 
substituted  for  one  of  platinum,  the  reduction  of 
nitrobenzene  can  be  carried  through  to  aniline. 

Latert  it  was  found  that  an  addition  of  zinc  salt 
to  the  liquid  filling  the  cathode  portion  of  the  cell 
led  to  essentially  the  same  results,  even  when 
other  metals  are  used  as  the  cathode. 

The  reduction  to  aniline  can  also  be  brought 
about  with  a  lead  cathode. 

*Chem.  Ztg.,  xvii,  209  (1893);  Zeit.  Elektroch.,  ii,  472 
(1896). 

tElbs  and  Silbermann.      Zeit.  Elektroch.,  vii,  589  (1901). 
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The  influence  of  the  nature  of  the  metal 
forming  the  electrode  is  explained  by  the  over- 
voltage  effect  during  hydrogen  evolution  (see 
p.  101). 

Taking  the  case  of  nitrobenzene,  the  reduction 
proceeds  in  the  following  stages  :  — 

C6H5N02  ->C6H5NO 

nitrobenzene,     nitrosobenzene. 

—  >C.H5NHOH        —  >C6H5NH2 

phenylhydroxylamine.          aniline. 

In  moderately  acid  solutions,  nitrobenzene  can, 

l)y  powerful   reduction,   be   completely   converted 

into   aniline.     If,   however,   the   solution  is   very 

strongly    acid,     a    portion    of    the    intermediate 

product,    phenylhydroxylamine,     is    transformed 

into  the  isomeric  p.   amidophenol,  which  cannot 

be  further  reduced.   C6H5NHOH  -  C6H4  ^  ™ 

^  -LN.tl2 

In  alkaline  solutions,  the  following  reaction 
between  the  intermediate  products  takes  place  :  — 


H0  . 


azobenzene. 

This  reaction  takes  place  very  quickly,  and  by 
using  a  nickel  cathode,  no  further  reduction  of 
the  phenylhydroxylamine  to  aniline  occurs.  The 
azobenzene,  however,  is  reduced  to  hydrazo- 
benzene,  which  then  quickly  reacts  with  the 
unchanged  nitrobenzene  to  form  azobenzene  and 
azoxybenzene,  thus  — 

3C6H5NH  -  HNC6H5  +  2C6H5N02 
—  >3C6H5N  =NC6H5  +  CJIJS^Q^]SrCeH5  +  3H20. 
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In  addition  to  this  reaction,  the  hydrazobenzene  is 

rapidly  oxidised  by  the  oxygen  of  the  air  to  azo- 

benzene. 

C6H5NH  -  NHC6H5  +  0— >H20  +  C.HBN  -  NC6HS , 

By  virtue  of  these  reactions  it  is  possible  to  obtain 

excellent    yields    of    azobenzene    under    suitable 

conditions  of  working. 

(a)  PREPARATION  or  ANILINE  FROM  NITROBENZENE.. 

A  tall  beaker  is  taken  and  a  porous  pot  placed 
inside  to  serve  as  anode  compartment,  while  the 
space  between  the  porous  pot  and  the  walls  of  the 
beaker  contains  the  cathode  liquor.  For  the  cathode 
liquor,  20  grams  of  nitrobenzene,  and  120  cc.  of 
hydrochloric  acid  (s.g.  1*19)  are  taken  and  mixed 
together  so  as  to  form  an  emulsion.  This  is  placed 
in  the  beaker  and  the  electrolysis  carried  out  at 
the  room  temperature.  The  current  density  at  the 
cathode  should  be  between  5  and  10  amps,  per 
square  decimeter,  or,  if  the  electrodes  are  in  the 
form  of  gauze,  a  "  current  concentration "  of 
between  40  and  80  amps,  per  litre  of  solution  should 
be  used.  The  voltage  should  be  4  to  5.  The  current 
density  at  the  anode  is  immaterial.  With  the 
above  quantity  of  liquid,  about  25  ampere  hours  of 
current  should  be  passed  through  the  bath.  The 
product  can  then  be  analysed  by  titrating  a 
sample  with  sodium  nitrite.  The  remainder  is 
subjected  to  steam  distillation  while  still  acid,  to 
remove  the  unchanged  nitrobenzene,  and  then 
saturated  with  soda,  when  the  aniline  can  be 
distilled  on\ 
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The  yield  of  aniline  should  be  over  90%  of  the 
theoretical  current  yield. 

(6)  PREPARATION  OF  AZOBENZENE  FROM 
NITROBENZENE. 

The  reduction  of  nitrobenzene  in  an  alkaline 
solution  can,  by  means  of  the  reactions  shown 
above  (p.  117)  be  made  to  proceed  almost  quantita- 
tively into  azobenzene.  This  may  be  expressed  by 
the  equation — 

2C6H5N02  +  8H— >C6H5N  =  NC6H5  +  4H20. 
The  cathode  liquid,  which  is  placed  in  a  tall 
beaker,  consists  of  20  grams  nitrobenzene  and 
5  grams  crystallised  sodium  acetate  in  solution  in 
200  cc.  alcohol  (70  per  cent.).  The  anode  liquid 
consists  of  a  cold  saturated  sodium  carbonate 
solution  contained  in  a  porous  cell  placed  inside 
the  beaker.  Nickel  electrodes  are  used  and  a 
current  density  of  6  to  9  amperes  per  100  square 
centimeters.  The  electrolysis  is  carried  out  at  the 
boiling  point,  and  after  the  theoretical  amount  of 
current  has  been  supplied  (17*5  ampere  hours), 
the  evolution  of  hydrogen  begins  immediately. 
The  electrolysis  is  then  continued  for  a  few 
minutes  longer,  at  a  lower  current  density.  The 
liquid  is  now  free  from  nitrobenzene  and  contains 
azobenzene,  together  with  a  little  hydrazobenzene 
and  some  azoxybenzene.  A  stream  of  air  is  then 
drawn  through  the  liquid  to  oxidise  the  hydrazo- 
benzene  to  azobenzene;  the  greater  part  of  the 
latter  then  crystallises  out  in  a  pure  state  and 
can  be  filtered  off.  The  remainder  is  precipitated 
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by  addition  of  water,  or  is  distilled  over  in  steam, 
and  can  be  purified  by  recrystallisatioii  from 
alcohol  or  petroleum  ether.  The  current  efficiency 
of  the  process  should  be  over  80  per  cent.,  and  the 
yield  of  material  over  90  per  cent,  of  the 
theoretical  amount. 

(c)  TAFEL'S  METHOD  FOR  STUDYING  THE  REDUCTION 
OF  DIFFICULTLY  REDUCIBLE  SUBSTANCES  IN 
SULPHURIC  ACID  SOLUTION.* 

The  investigations  of  Tafel  referred  to  above 
are  valuable  contributions  to  the  study  of  electro- 
chemical methods  of  reduction.  The  reduction 
was  first  studied  on  a  small  scale  in  an  experi- 
mental apparatus  and  the  course  of  the  process 
determined  by  measuring  the  volume  of  hydrogen 
evolved  in  the  cathode  portion  of  the  cell  under 
investigation,  this  being  compared  with  the 
hydrogen  evolved  in  a  water  voltameter  placed  in 
series  with  this  cell.  Thus,  the  amount  of 
hydrogen  evolved  gives  us  an  exact  measure  of 
the  loss  of  the  process  in  regard  to  the  reduction. 

Tafel  investigated  chiefly  the  reduction  of  such, 
compounds  as  can  only  with  extreme  difficulty  be 
reduced  by  ordinary  chemical  means.  Strychnine, 
caffeine,  succinimide  and  a  number  of  other  imides 
and  amides  were  studied.  The  substances  were 
always  dissolved  in  a  sulphuric  acid  solution,  and 
it  was  found  that  reduction  was  only  possible  on 

*Berichte,  xxxiii,  2209—2224   (1900). 
Zeit.  Physilc.  Chem.,  xxxiv,  187—228  (1900). 
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•cathodes  which  possess  a  high  overvoltage. 
Lead  and  mercury  were  the  only  metals  found  to  • 
be  suitable  for  this  purpose.  Lead  was  chiefly 
employed  on  account  of  its  convenience  for  working1. 
Not  only  are  such  metals  as  platinum,  silver,  tin, 
copper,  etc.,  incapable  of  producing  the  required 
reduction,  but  if  present  even  in  minute  quantity 
(especially  platinum)  can  altogether  prevent  the 
reduction  taking  place  on  lead  electrodes. 

For  this  purpose,  therefore,  it  is  essential  that 
the  lead  used  for  the  cathodes,  as  also  the  solutions 
employed  shall  be  as  free  as  possible  from  metallic 
impurities.  The  lead  of  which  the  electrodes  are 
made  should  not  contain  more  than  0'015  per  cent, 
impurity. 

The  cathode  consists  of  a  cylinder  of  solid  lead 
which  is  fixed  by  means  of  a  rubber  stopper  into 
the  porous  cathode  cell  which  is  to  contain  the 
sulphuric  acid  solution  of  the  substance  to  be 
reduced. 

the  anode  is  a  sheet  of  lead,  and  the  anode 
liquid  a  sulphuric  acid  solution. 

To  Prepare  the  Cathode.  The  metal  cylinder  is 
first  cleaned  and  roughened  by  rubbing  with  sand 
and  water,  and  then  electrolytically  oxidised  by 
making  it  the  anode,  and  using  as  electrolyte,  a 
20  per  cent,  sulphuric  acid  solution.  A  current 
density  of  about  2  amps,  per  100  square  cms.  is 
used  and  the  electrolysis  allowed  to  proceed  for 
half  an  hour.  The  cathode  is  then  washed  in  cold 
water  for  some  minutes,  then  dipped  in  boiling 
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alcohol  and  dried  in  a  current  of  air.  In  this- 
condition  it  can  be  kept  for  any  desired  length  of 
time  without  suffering  any  change.  On  using  as 
cathode  in  the  reducing  cell,  the  oxide  is  changed 
into  spongy  lead,  a  condition  which  is  favourable 
to  the  reduction.  The  electrolytic  oxidation  of  the 
surface  is  best  repeated  before  each  reduction. 

The  efficiency  of  the  reduction  process  is- 
favoured  by  the  use  of  a  low  current  density  and 
high  temperature. 

The-  porous  cell  must  be  carefully  cleaned  in 
the  following  manner  :  — The  new  cell  is  allowed 
to  stand  for  a  long  time  in  dilute  caustic  soda 
solution,  and  then  washed  by  stopping  up  the  top 
and  drawing  water  through  by  means  of  a  pump. 
Afterwards  dilute  hydrochloric  acid  is  substituted 
for  the  water,  and,  finally,  distilled  water  is  forced 
through,  and  the  cell  dried  at  100°. 

For  the  actual  experiment  two  such  cells  are 
arranged  in  series,  the  gas  delivery  tube  being 
brought  so  as  to  deliver  the  gas  into  two  eudio- 
meters . 

The  first  cell  is  filled  with  sulphuric  acid 
containing  the  substance  to  be  reduced,  whilst  the 
second  contains  only  sulphuric  acid  of  the  same 
strength. 
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2.  ELECTROLYTIC  OXIDATIONS. 

(a)  PREPARATION  OF  IODOFORM.* 

lodoform  can  be  prepared  by  the  action  of  free 
iodine  upon  a  warm  aqueous  alkaline  solution  of 
alcohol  according  to  the  equation — 

CH3CH2OH  + 101  +  H20  =  CHI3  +  C02  +  7HI. 

The  hydriodic  acid  then  reacts  with  the  alkali 
to  form  an  iodide.  * 

The  electrolytic  method  of  preparation  consists 
in  electrolysing  a  solution  containing  potassium 
iodide,  sodium  carbonate,  and  ethyl  alcohol, 
whereby  the  iodine  set  free  at  the  anode  reacts 
with  the  alcohol  giving  iodoform.  A  much  better 
yield  is  obtained  in  this  process  than  with  the 
chemical  method. 

According  to  Elbs,  the  chemical  method  only 
gives  a  yield  of  20 — 40  per  cent,  of  the  theoretical, 
the  process  being  accompanied  by  the  formation 
of  a  large  amount  of  iodate,  whereas,  by  the 
electrolytic  method,  an  almost  theoretical  (about 
98  per  cent.)  yield  can  be  obtained.  This  is  ex- 
plained by  Dony-Henault  as  being  due  to  the  fact 
that  in  the  latter  method  the  smallest  trace  of 
iodine,  which  is  liberated  is  in  presence  of  a  large 

*Elbs  and  Hertz,  Zeit.  EleJc.,  iv,  113  (1897). 
Forster  and  Mewes,  Zeit.  Elek.,  iv,  269  (1897). 
Dony-Henault,  Zeit.  Elek.,  vii,  57  (WOO). 
Elbs,   "  Electrolytic  Preparations  "  (London,  1903). 
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excess  of  potassium  iodide,  which  hinders  the 
conversion  of  the  hypoiodite  into  iodate.  More- 
over, in  the  electrolytic  method  the  iodide  which 
is  formed  during  the  reaction  is  capable  of  again 
yielding  iodine  by  electrolysis. 

The  work  of  Dony-Henault  indicates  that  the 
formation  of  iodoform  takes  place  in  the  following 
stages  :  — 

The  iodine  liberated  at  the  anode  reacts  with  the 
hydroxy]  ions  (of  which  a  large  number  are  always 

present     from    the     hydrolysis     of     the     sodium 

+ 

carbonate)  OH  +  I2  =  IO  +  H  +  I,  whereby  hypo- 
iodite and  iodide  are  formed.  The  HIO  is  unstable 
and  breaks  down  in  either  of  the  following  two 
ways  :  — 

(1)  3HIO— >2HI  +  HI03. 

(2)  5HIO  +  C2H5OH  =  C02  +  CHI3  +  2HI  +  4H20. 

The  yield  of  iodoform  depends  on  the  relative 
velocities  of  these  two  reactions.  The  presence 
of  an .  excess  of  potassium  iodide  or  iodate  was 
found  to  hinder  reaction  (1),  while  the  presence  of 
free  alkali  favours  this  formation  of  iodate. 

In  support  of  the  above  theory,  it  was  found  by 
Dony-Henault  that  a  general  parallelism  existed 
between  the  conditions  mosT  favourable  for  the 
formation  of  hypoiodous  acid  and  for  iodoform,  and 
it  was  shown  that  a  solution  of  this  acid  (free  from, 
iodine)  when  added  to  alcohol  gave  iodoform 
according  to  equation  (2)  above. 

During  the  electrolytic   method  of  preparation 
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hypoiodous  acid  is  formed  from  sodium  hypoiodite 
by  hydrolysis,  thus  : 

NaIO  +  H20  7-  NaOH  +  HIO. 

Practical.  The  following  are  the  best  condi- 
tions for  preparing  iodof orm  :  — 

Anode  Liquid:  100  grams  water,  5  grams 
sodium  carbonate,  10  grams  potassium  iodide, 
20  cc.  ethyl  alcohol. 

This  liquor  is  placed  in  a  porous  cell  inside  a 
beaker.  The  beaker  also  contains  the  cathode 
liquor  consisting  of  a  solution  of  sodium  carbonate. 

The  cathode  consists  of  a  nickel,  and  the  anode, 
a  platinum  electrode. 

The  current  density  at  the  anode  should  not  be 
above  1  amp.  per  sq.  dcm.,  and  the  temperature 
should  be  maintained  at  60°. 

During  the  electrolysis  the  solution  tends  to 
become  alkaline,  as,  according  to  the  equation  above 
(p.  123),  10  equivalents  of  sodium  hydrate  are 
formed  to  7  of  hydriodic  acid.  To  neutralise  the 
sodium  hydrate,  a  slow  current  of  carbon  dioxide 
should  be  passed  through  the  anode  liquid  during 
the  electrolysis. 

In  order  to  obtain  any  considerable  yield  of 
iodof  orm,  the  electrolysis  should  be  continued  for 
2  to  4  hours,  when,  on  cooling,  the  iodoform 
separates  out  in  the  'crystalline  form.  The  yield 
should  be  calculated  from  the  amount  of  current 
which  has  passed  through  the  cell  as  measured  by 
the  copper  voltameter,  and  by  making  use  of  the 
equation  above.  The  process  can  be  made 
continuous  by  removing,  every  few  hours,  the  iodo- 
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form  formed  and  adding  alcohol,  carbonate,  and 
iodide  to  make  up  for  that  decomposed. 

It  is  not  possible  to  prepare  the  analogous 
bromof orm  and  chloroform  by  the  method  described 
above  for  iodoform,  as  in  these  cases  aldehydes 
and  other  oxidation  products  of  alcohol  are  given 
on  electrolysis.  This  is  due  to  the  fact  that  the 
decomposition  potential  of  iodine  from  a  potassium 
iodide  and  soda  solution  is  only  1'12  (the  normal 
hydrogen  electrode  being  taken  as  zero),  whilst 
oxygen  separates  at  1'T.  With  potassium  bromide, 
alcohol  and  sodium  carbonate  bromine  separates 
at  1*75  volt,  and  with  potassium  chloride,  chlorine 
at  2'1  volts.* 

(b)  PREPARATION  or  SODIUM  HYPOCHLORITE,-)- 

A  solution  of  common  salt,  of  a  concentration  of 
150  to  200  grams  per  litre,  is  taken  as  the  electro- 
lyte, and  placed  in  a  glass  vessel,  which  can  be 
efficiently  cooled  on  the  outside  by  ice-water. 
Platinum  electrodes  are  used,  and  some  arrange- 
ment made  to  secure  a  good  circulation  of  the 
electrolyte.  The  current  density  at  anode  and 
cathode  should  be  15  amps,  per  square  decimeter. 
The  temperature  must  not  be  allowed  to  rise  above 
25°.  At  the  cathode,  hydrogen  is  evolved,  but  at 
the  anode  hardly  any  gas  is  evolved  at  first,  as  the 
chlorine  which  is  liberated,  dissolves  in  the  water 

*Wohlwill.     Zeit.  Elelc.,  v,  52. 

t  Elbs,  "Electrolytic  Preparations,"  p.  21. 

E.  Abel,  Hypochlorite  und  Elektrische  Bleiche"  (Knapp, 

Halle). 

F.  Oettel,  Zeit.  Elek.,  i,  69,  356,  474 ;  vii,  315,  449. 
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and  reacts  with  the  alkali,  formed  at  the  cathode, 
io  form  hypochlorite,  thus  :  —  ; ,  „ 

Cl  +  2Na|OH-Na|CK)  +  Na|Cl  +  HaO. 

After  the  electrolysis  has  proceeded  for  some 
time,  oxygen  is  given  off  in  increasing  amount. 

This  is  due  to  the  liberation  of  CIO  ions  together 
with  the  Cl.  Thus  :  2C10  +  H20  +  20  =  2HC10  +  0. 

The  amount  of  CIO  which  takes  part  in  the 
electrolyte  is  proportional  to  the  quantity  present, 
and  also  varies  with  the  current  density.  The 

CIO    ions    are   discharged   at    a    somewhat    lower 

potential  than  the  Cl,  but  as  the  latter  are  always 
present  in  a  much  larger  quantity  than  the  former, 
by  working  with  a  high  current  density,  relatively 

fewer  CIO  ions  are  discharged,  as  less  time  is 
given  for  their  migration  to  the  electrode.  More- 
over, a  high  current  density  at  the  cathode 
diminishes  relatively  the  reduction  of  the  hypo- 
chlorous  acid  by  the  hydrogen,  as  a  given  volume 
of  this  gas  is  in  contact  with  a  smaller  quantity  of 
electrolyte . 

After  the  hypochlorous  acid  has  reached  a  certain 
concentration,  the  reduction  at  the  cathode  by  the 
hydrogen  liberated  becomes  much  more  marked, 
so  that  it  is  not  practicable  to  prepare  a  solution  of 
a  higher  concentration  than  about  14  grams  of 
sodium  hypochlorite  per  litre. 

The  current  yield  is  at  first  over  90  per  cent., 
and  sinks  gradually  to  below  30  per  cent.  The 
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current  yield  can  be  increased  and  more  concen- 
trated solutions  prepared  by  adding  about  O'l  per 
cent,  of  calcium  chloride  or  alkali  chromate. 
These  substances  cause  a  thin  coating  to  take  place 
on  the  cathode,  which  is  very  effective  in  prevent- 
ing reduction  of  the  hypochlorous  acid  by  the 
hydrogen. 

The  progress  of  the  electrolysis  can  be  measured 
by  passing  the  current  in  series  through  a  water 
voltameter,  and  by  surrounding  the  electrodes  in 
the  hypochlorite  vessel  with  glass  cylinders,  so 
that  the  volumes  of  gas  evolved  can  be  measured. 
The  amount  of  hydrogen  liberated  at  the  cathode 
should  correspond  to  the  amount  in  the  water 
voltameter.  Any  deficiency  in  the  former  indicates 
reduction  of  the  hypochlorous  acid.  The  oxygen 
evolved  at  the  anode  represents  the  loss  through 

liberation  of  the  CIO  ions.  In  addition  to  these 
sources  of  loss,  a  certain  amount  of  chlorate  is 

formed  at  the  anode  by  deposition  of  CIO  ions  in 
accordance  with  the  following  equation  :  — 

6C10  +  3H20  +  6  ©  -  3C103  +  3Cl+  6H. 
If  the  temperature  of  the  bath  is  allowed  to  rise 
above  25°  this  change  of  hypochlorite  into  chlorate 
and  chloride  takes  place  throughout  the  electrolyte 
to  a  certain  extent,  thus  : 


The  amount  of  hypochlorite  in  the  product  can 
be   determined  iodometrically. 

A  good  circulation  of  the  electrolyte  is  necessary, 
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so  that  the  acid  formed  at  the  anode  is  neutralised 
by  the  alkali  at  the  cathode,  or  else  the  accumula- 
tion of  the  H'  ions  will  cause  the  hypochlorous  acid 
to  decompose,  as  represented  by  the  equation 

H  +  C1  +  HC10  =  C12  +  H20,  or,  in  other  words, 
hypochlorous  acid  is  decomposed  by  hydrochloric 
acid  into  chlorine  and  water. 

The  formation  of  hypochlorite,  by  the  electrolysis 
of  a  salt  solution,  is  represented  above  as  arising 
from  a  secondary  chemical  effect  of  the  liberated 
chlorine  on  the  alkali  formed  at  the  cathode. 
The  action  can,  however,  be  equally  well  repre- 
sented as  taking  place  more  directly  by  the 
following  ionic  changes*  :  — 

At  the  anode  Cl  +  H20  +  2  ©-C10  +  2H. 

At  the  cathode  H2O  +  2  0  =~0  +  H2. 
According  to  this  view,  the  formation  of  hypo- 
chlorite consists  in  the  addition  of  an  electrically 

neutral  oxygen  atom  on  to  the  Cl  ion.  To  effect 
this  oxygen  must  be  separated  under  conditions 

which  enable  combination  with  the  Cl  ion  to  take 
place.  For  this  purpose,  the  pressure  of  the 
separated  oxygen  must  be  greater  than  the  "oxygen 
pressure"  of  the  hypochlorite  in  solution.  The 
former  value  varies  with  the  potential  difference  at 
the  anode,  and  the  latter  depends  on  the  ratio  of 
the  hypochlorite  to  chloride  in  solution  (see  p.  106). 
The  electrolytic  formation  of  hypochlorite  can 

*Cf.  Foerster  anji  Miiller,  Zeit.  EleJctroch.,  1903,  ix,  171. 
J 
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also  be  regarded  as  the  addition  of  chlorine  on  to 

the  6~ion,  thus:    2C1  +20  =Cla 

da+0  71C1+C10, 

or,  taking  hydroxyl  instead  of  oxygen  ions, 

ci2+2o~H  7-  ci+cib+Hao. 

The  reaction  may  also  be  expressed  as  consisting 
of  a  simultaneous  discharge  of  OH   and  Cl   ions.* 

Thus,  01  +  6+  2  0  =C10,  or,  in  the  case  of 
hydroxyl  ions, 

C1  +  20H  +  2  0  =C10  +  H20, 

or   Cl  +  OH  +  2  0  =HC10 

The  more  effective  bleaching  property  of  sodium 
hypochlorite  prepared  electrolytically  over  that 
obtained  from  ordinary  bleaching  powder  which 
always  contains  an  excess  of  alkali,  probably 
depends  on  the  existence  of  free  hypochlorous  acid 
in  the  former.  This  is  given  by  the  hydrolysis  of 
neutral  sodium  hypochlorite,  thus  : 

NaC10  +  H20  ^NaOH  +  HClO. 


(c)  PREPARATION  OF  POTASSIUM  CHLORATE.  •(• 

The  electrolytic  preparation  of  chlorate  is  based 
on  the  same  reaction  as  in  the  usual  chemical 
method  of  preparing  this  substance,  which  can  be 
expressed  by  the  following  equations  :  — 

*  Cf.  Haber,  Zeit.  Anorg.  Chemie,  xvi,  1898,  198,  329. 

tMuller,  Zeit.  Elek.,  v,  496. 
Foerster  and  Muller,  Zeit.  Elek.,  viii.,  515,  633,  665. 


POTASSIUM   CHLORATE  131 


(1) 

(2) 

The  second  reaction  does  not  take  place  below  a 
temperature  of  20-  —  30°,  but  at  higher  tempera- 
tures is  complete. 

During  the  electrolysis  of  a  potassium  chloride 

solution,  at  the  anode  we  have  2C1  +  ©  =C12,  and 
at  the  cathode  2K  +2H20+  0  =  2KOH  +  H2. 

The  chlorine  then  reacts  with  the  potassium 
hydroxide  according  to  the  above  equations.  In 
addition  to  this  secondary  formation  of  chlorate,  a 
primary  action  also  probably  takes  place  by  the 

simultaneous  discharge  of  OH    and  CIO    ions,  as 
expressed  in  the  equation  — 

2C1O+OH+  e=HC103  +  CL* 
And  also  by  the  union  of  nascent  oxygen,  which  is 

liberated  at   the   anode,    on   CIO  ions   present   in 

solution,  thus:  C10  +  20  =  C10,.t 

The  following  have  been  found  to  be  the  best 
conditions  for  conducting  the  preparation  of 
potassium  chlorate.  Platinum  is  the  most  suitable 
metal  for  the  anode.  The  addition  of  a  chromate 
increases  the  yield,  probably  on  account  of  the 
formation  of  a  skin  of  chromium  hydrate  on  the 
surface  of  the  cathode,  which  protects  the  oxidised 

*Wohlwill.     Zeit.  Elektroch.,  v,  52. 

t  Of.  Lorentz  and  Wehrlin"  Zeit.  Elektroch*,  viii,  515,  633, 
655. 
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salt   from   the   reducing   action  of   the    hydrogen 
liberated. 

A  current  of  carbon  dioxide  should  be  passed 
through  the  solution  during  electrolysis,  so  as  to 
cause  circulation  of  the  electrolyte  and  neutralise 
the  free  alkali  which  is  formed.  The  slight  acidity 
produced  by  the  carbon  dioxide  facilitates  the 
formation  of  free  hypochlorous  acid. 

A  sufficiently  large  volume  of  the  electrolyte  in 
proportion  to  the  current  density,  should  be  taken 
in  order  to  give  the  secondary  actions  time  for 
completion. 

A  temperature  of  at  least  40°  should  be  employed 
in  order  to  secure  the  formation  of  chlorate,  to 
keep  the  resistance  of  the  bath  low,  and  to  prevent 
the  formation  of  perchlorate.  At  lower  tempera- 
tures this  formation  of  perchlorate  takes  place  by 
the  union  of  two  discharged  chloric  acid  ions  with 
water  thus  :  2C103  +  H20  -  HC104  +  HC103 . 

At  higher  temperatures  liberation  of  C103  ions 
takes  place  at  the  anode  to  give  oxygen  and  reform 
chloric  acid,  thus:  2C103  +  H20  =  2HC103  +  0. 

The  amount  of  this  wasteful  oxygen  evolution  of 
course  depends  on  the  concentration  of  the  chlorate 
in  solution.  (Compare  similar  case  with  hypo- 
chlorites.) 

Practical. 

Electrolyte :  100  grams  potassium  chloride, 
1  gram  potassium  carbonate,  1  gram  potassium 
dichromate  dissolved  in  250  cc.  warm  water. 
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Electrodes.    Platinum  Foil.    Current  density  :  — 
at   anode,    about  10   amps,    per  square   dcm. ;    at 
cathode,  somewhat  greater  than  at  anode ;  distance 
apart  of  electrodes,  1  cm. 

The  temperature  is  kept  between  40°  and  60°, 
and  a  slow  current  of  carbon  dioxide  passed 
through  the  solution  during  the  electrolysis. 

At  least  60  ampere  hours  must  be  passed  through, 
since  1  amp.  hour  only  yields  0'75  grm.  potassium 
chlorate. 

During  the  cooling  potassium  chlorate  separates 
out,  and  a  further  quantity  is  obtained  by  concen- 
trating the  solution.  This  is  purified  by  re- 
crystallisation,  and  a  current  yield  of  70  to  80  per 
cent,  should  be  obtained. 

The  amount  of  chlorate,  together  with  hypo- 
chlorite  in  solution,  can,  at  any  time,  be  estimated 
by  boiling  a  sample  with  ferrous  sulphate  and 
sulphuric  acid,  whereby  the  chlorate  is  reduced. 
The  amount  of  ferrous  sulphate  left  is  then  deter- 
mined by  titration  with  permanganate  in  presence 
of  manganese  sulphate.* 

*  For  a  more  exact  method  of  determining  these  substances, 
see  Wohlwill,  Zeit.  Elektroch.,  v,  64. 
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PART    III. 

PYROMETRY. 
1.  THERMO-ELECTRIC  PYROMETRY. 

Calibration  of  a  Thermo- junction.  Thermo- 
electric pyrometry  is  based  on  the  discovery  of 
Seebeck,  that  if  two  separate  metals  are  allowed 
to  touch  at  two  different  places,  and  if  these  points 
of  contact  are  at  different  temperatures,  an  electro- 
motive force  is  generated. 

This  effect  was  first  systematically  studied  and 
made  use  of  for  the  measurement  of  high  tempera- 
tures by  Becquerel,  Regnault,  and  Le  Chatelier. 

Couples  formed  of  different  metals  show  very 
great  variations  in  the  E.M.F.  generated  at  their 
junctions  with  change  of  temperature.  Most 
metals  show  irregularities  due  to  changes 
which  take  place  in  their  physical  condition  on 
heating,  and  which  cause  the  generation  of  para- 
sitic currents  through  contact  E.M.F. 's  generated 
in  the  regions  of  intermediate  temperature. 

The  metal  which  is  most  free  from  such  objections 
is  platinum  and  its  alloys  with  rhodium  and 
iridium.  A  source  of  error  which  is  apt  to  arise 
even  in  these  cases  is  due  to  inequality  in  the 
annealing.  The  drawing  and  even  subsequent 
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twisting  of  the  wire  produces  a  hardening,  so  that 
it  is  important  that  the  wires  should,  before  use,  be 
well  annealed  by  raising  to  a  white  heat. 

Further,  after  prolonged  use,  especially  at  high 
temperatures,  physical  changes,  such  as  crystallisa- 
tion of  the  metal,  take  place,  which  affect  the 
E.M.F. 

Avenarius  and  Tait  showed  that,  up  to  300°,  the 
E.M.F.   of   a   large  number  of  couples  could   be 
expressed  by  means  of  the  formula : 
e=a(«-t0)  +  6(«2_t02)j 

where  t  is  the  temperature  of  the  hot  and  tQ  of  the 
cold  junction.  Le  Chatelier  showed  that  this 
formula  also  applied  at  higher  temperatures. 

Holman  showed  that  when  the  cold  junction  was 
at  zero  the  E.M.F.  of  thermo-couples  could  be 
expressed  by  the  following  logarithmic  formula  : 
e  =  mtn,  or  log  e  =  n  log  t  +  log'm ;  so  that,  in  a  graph, 
logf,  plotted  against  log  e,  gives  a  straight  line. 

The   results    obtained    by    Le    Chatelier    for    a 
thermo-couple  of  platinum  and  platinum — 10  per 
cent,  rhodium  satisfy  the  equation  :  — 
log  e  =  1-2196  log  £  +  0-302, 

where  e  is  expressed  in  microvolts  (millionths  of  a 
volt) .  Different  values  for  these  constants  will  be 
obtained,  however,  for  wires  drawn  from  different 
ingots  of  metal,  if  there  are  any  variations  in  the 
chemical  composition. 

A  number  of  precautions  have  to  be  taken  when 
using  the  thermo- junction  in  practice.  The  metal 
wires  must  not  be  exposed,  at  a  high  temperature, 
to  a  reducing  atmosphere,  as  most  metals  are  more 
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or  less  volatile  and  attack  platinum  very  rapidly. 
The  same  applies  to  gaseous  compounds  of  carbon, 
phosphorus,  and  silicon.  In  an  oxidising 
atmosphere  these  metal  vapours  and  other  dele- 
terious substances  are  mostly  rendered  non-volatile. 
Contact  of  the  platinum  with  silica  and  silicates 
should  in  all  cases  be  avoided,  or  the  metal  will 
be  slowly  attacked.  The  platinum  should  not  be 
exposed  to  a  temperature  above  1300  — 1400°  for 
a  prolonged  period,  even  in  an  oxidising  and  clean 
atmosphere,  or  it  will  gradually  become  brittle, 
due,  in  all  probability,  to  crystallisation.  This 
change  will  not  only  tend  to  cause  an  error  in  the 
E.M.F.  generated  through  parasite  currents,  but 
will  ultimately  lead  to  the  breaking  of  the  wire. 

If  the  thermo- junction  is  to  be  used  in  the 
neighbourhood  of  any  substances  which  can  act 
deleteriously  on  the  platinum,  the  wires  must  be 
carefully  enclosed  in  a  tube  of  silica,  magnesia  or 
other  suitable  refractory  material. 

The  E.M.F.  generated,  which  serves  as  a 
measure  of  the  temperature,  can  be  measured 
either  (1)  by  means  of  a  potentiometer,  or  (2)  by 
means  of  a  high  resistance  galvanometer  or 
millivoltmeter. 

The  Potentiometer  Method.  The  potentiometer 
gives  an  absolute  measure  of  the  E.M.F.  of  a 
junction.  In  this  method,  the  E.M.F.  of  the 
couple  is  exactly  balanced  by  an  E.M.F.  which 
can  be  accurately  adjusted  and  measured.  A 
sensitive  galvanometer  is  used  to  indicate  the 
position  of  balance.  In  some  types  of  potentio- 
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meter,  by  attaching  a  series  of  resistances  to  dials, 
the  resistances  are  arranged  so  that  the  dial 
readings  give  the  E.M.F.  directly  in  decimals  of  a 
volt.  A  simple  type  of  potentiometer  can  be 
arranged  as  shown  in  Fig.  23. 

A  storage  cell  at  W  is  placed  in  series  with  a 
rheostat  R  and  a  series  of  coils,  or  combination  of 
coils  and  bridge  wire  represented  by  A  B.  A 
standard  cell  of  known  E.M.F.  is  connected  to 
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Fig.  23. 

A  and  B,  and  the  resistance  E  so  adjusted  that  no 
current  passes  through  the  galvanometer.  The 
cell  is  then  removed  and  the  leads  £rom  the  thermo- 
couple are  connected  at  points  along  the  slide 
wire  M  and  M'  in  such  a  way  that  the  E.M.F.  from 
the  thermo- junction  is  exactly  balanced  by  the 
opposing  E.M.F.  from  W.  This  position  of 
balance  is  indicated  by  the  galvanometer  G. 
If  the  E.M.F.  of  the  standard  cell  is  E  and  that 
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of  the  thenno junction  e,  we  have  the  following 

™MM' 
relation:   e  =  E      . 

Galvanometric  Method.  In  this  method  the 
E.M.F.  of  the  thermo- junction  is  read  directly  by 
means  of  a  galvanometer.  This  method  is  not 
strictly  accurate,  since  the  deflection  of  the 
galvanometer  depends  on  the  total  resistance  of 
the  circuit,  and  that  of  the  thermo- junction  wires 
varies  with  the  temperature  and  other  changes. 
However,  by  arranging  the  galvanometer  resistance 
to  be  very  high,  in  comparison  to  that  of  the 
thermo-j  unction,  this  source  of  error  can  be  reduced 
to  a  very  small  amount,  and  for  most  practical 
purposes  the  method  can  be  made  to  give  a 
sufficiently  great  accuracy,  and  is  far  more 
convenient  for  temperature  estimation  than  the 
potentiometer  method.  The  galvanometer  used 
can  be  calibrated  directly  in  millivolts. 

Precautions  in  taking  readings.  The  resistance 
of  the  galvanometer  should  be  at  least  200  ohms 
for  use  with  the  ordinary  platinum  thermo-couples, 
and  the  temperature  coefficient  should  be  negligible. 

There  should  be  no  secondary  source  of  E.M.F. 
present.  The  galvanometer  should  be  carefully 
levelled  during  the  readings,  and  the  zero  of  the 
instrument  should  remain  constant.  (If  the 
temperature  of  the  cold  junction  is  not  at  zero, 
then  the  temperature  indicated  will  be  low  by 

T 

about    -^  ,  where  T  is  the  actual  temperature  of  the 

cold  junction  and  less  than  30°.) 
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The  junction  of  the  two  wires  should  always  be 
fused  (by  means  of  an  oxyhydrogen  flame),  instead 
of  twisted,  as  in  the  latter  case,  an  uncertain 
resistance  always  occurs,  which,  in  the  galvano- 
metric  method  may  lead  to  serious  error.  More- 
over, in  accurate  work,  a  twisting  of  the  wire  may 
lead  to  inequalities  in  the  hardness  of  the  metal 
and  cause  the  generation  of  parasite  currents  in 
regions  of  lower  temperature. 

Calibration  of  the  Thermo- junction.  According 
to  the  Holman  formula,  log  e  =  n  log  t  +  log  m. 
It  is  therefore  only  necessary  to  calibrate  the 
thermo- junction  at  two  fixed  points  in  order  to 
evaluate  the  constants  in  the  equation. 

For  the  sake  of  accuracy,  the  fixed  points  chosen 
should  be  as  far  apart  as  possible,  and  an  inter- 
mediate point  may  be  taken  so  as  to  verify  the 
results.  The  two  most  convenient  fixed  points  are 
the  melting  point  of  zinc  (420°),  and  of  copper 
(1084°  in  a  reducing  atmosphere).  The  melting 
point  of  aluminium  (655°)  may  be  conveniently 
taken  as  an  intermediate  point.  In  carrying  out  a 
calibration  at  the  melting  point  of  any  of  these 
metals,  a  quantity  of  the  metal  is  placed  in  a 
fire-clay  crucible,  where  it  can  most  conveniently 
be  melted  by  heating  in  a  muffle  furnace.  The 
molten  metal  is  covered  with  a  layer  of  carbon  so 
as  to  maintain  a  reducing  atmosphere,  and  its 
temperature  taken  considerably  above  the  melting 
point.  The  thermo-j unction  wires  are  carefully 
enclosed  in  a  suitable  refractory  tube,  which  is 
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inserted  in  the  mass  of  molten  metal,  the  heating 
of  the  furnace  having  been  stopped. 

The  metal  is  allowed  to  stand  and  cool  slowly, 
and  temperature  readings  are  taken  at  regular 
short  intervals. 

When  the  point  of  solidification  is  reached,  the 
temperature  will  remain  constant  over  a  long 
interval.  The  constancy  of  temperature  of  the 
metal  during  this  interval  will  also  give  an 
indication  of  the  purity  of  the  metal  used.  When 
the  metal  has  all  solidified,  the  temperature  should 
again  fall  quite  regularly. 

The  value  of  log  e  and  log  t  should  then  be 
plotted  as  a  straight  line,  and  from  this  a  curve 
should  be  constructed  showing  the  relation  of  e 
to  t. 

2.  RADIATION  PYROMETRY. 

Optical  and  radiation  pyrometry  are  based  on 
the  measurement  of  the  energy  which  is  radiated 
from  heated  bodies,  either  in  the  form  of  visible 
light,  or  the  total  radiations  consisting  chiefly  of 
heat  waves  in  the  infra  red  part  of  the  spectrum. 
This  method  of  pyrometry  is  particularly  suited 
for  high  temperature  measurements  as  the  intensity 
of  radiation  increases  enormously  with  the 
temperature.  For  use  in  practice,  such  methods 
possess  the  great  advantage  that  all  parts  of  the 
recording  instruments  are  placed  at  a  considerable 
distance  from  the  heated  body,  and  no  part  is 
exposed  to  any  high  temperature.  For  this  reason 
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the  apparatus  undergoes  no  deterioration  with  use 
and  no  alteration  to  the  constants  "of  the  instru- 
ments is  experienced,  through  physical  and 
chemical  changes  which  all  substances  undergo  at 
high  temperatures. 

At  temperatures  above  the  melting  point  of 
platinum  there  is  at  present  no  other  method  of 
pyrometry  available.  The  optical  temperature 
scale  is  based  on  radiation  laws  as  formulated  by 
Wien,  Paschen,  and  Planck.  At  temperatures  up 
to  about  1800°  the  value  can  be  directly  compared 
with  the  platinum  scale,  but  above  this  tempera- 
ture cannot  be  reduced  to  any  of  the  other  scales, 
and  the  values  are  subject  to  the  applicability  of 
the  various  radiation  formula  at  very  high 
temperatures. 

The  increase  in  luminous  radiation  from  a  heated 
body,  with  rise  of  temperature,  was  measured 
photometrically  by  Lummer  and  Kurlbaum.*  The 
radiating  body  consisted  of  platinum  in  cylindrical 
form,  and  the  intensity  of  light  emitted  was  found 
to  satisfy  the  following  formula  :  — -If  II  and  I2  are 
the  intensities  of  the  light  radiated  at  the  tempera- 
tures Tt  and  T2  respectively,  the  two  temperatures 

T       /T  \x 
being  taken  close  together,  then  j^inT1) 

At  900°  (abs.)  x  was  found  to  have  the  value  30, 
and  at  1900°,  14.  These  measurements  were 

*  Ver.  d.  Deutch.  Phys.  Ges.,  1900,  ii,  p.  89. 
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further  extended  by  Rasch,  *  who  found  that  the 
product  T%  gives  an  approximately  constant  value, 
25000. 

According  to  this  formula,  it  is  seen  that  at 
900°  abs.  the  light  emitted  increases  30  times  as 
rapidly  as  the  temperature,  and  at  1400°  abs. 
14  times  as  rapidly.  The  increase  of  radiation 
with  temperature  is  also  a  function  of  the  wave 
length;  for  shorter  waves  it  is  greater,  and  for 
longer  waves  less. 

It  is  the  very  great  increase  in  luminosity  of  a 
body  on  rise  of  temperature  that  makes  it  possible 
for  experienced  persons  to  gauge  the  temperatures 
by  mere  observation  of  the  colour. 

An  important  source  of  error  has  here  to  be 
considered  in  applying  radiation  measurements  for 
the  estimation  of  temperatures.  The  radiation 
from  a  body  depends  not  only  on  its  temperature, 
but  on  the  nature  of  the  substance  and  the  condition 
of  its  surface.  Thus  different  substances  at  the 
same  temperature  may  emit  largely  different 
quantities  of  energy. 

The  intensity  of  radiation  from  incandescent 
iron  or  carbon,  for  instance,  at  1000°  is  several 
times  greater  than  that  from  polished  platinum. 
At  the  melting  point  of  platinum  (1750°),  the 
radiation  of  red  light  from  this  metal  has  been 
found  to  be  equal  to  that  from  a  substance  which 
gives  "black  body"  radiation  at  1540°,  thus 
showing  a  departure  of  210.°  This  discrepancy  is 

*  Ann.  d.  Phys.,  xiv,  193,  1904. 
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less  at  lower  temperatures.  The  departure  from 
black  body  radiation  varies  in  different  parts  of 
the  spectrum.  When  light  falls  on  a  substance  a 
certain  amount  is  absorbed  or  transmitted,  and  the 
remainder  reflected,  so  conversely  when  the  body 
is  rendered  luminous,  the  same  proportion  which 
in  the  above  case  was  absorbed  is  now  emitted,  and 
the  remainder  diffused,  i.e.,  absorbed  or  retained. 

Kirchoff  introduced  the  conception  of  a  "  black 
body,"  which  he  defined  as  one  which  would 
absorb  all  the  radiations  falling  on  it,  and  neither 
reflect  nor  transmit  any,  and  on  being  heated 
would  emit  the  maximum  radiation.  He  further 
pointed  out  that  the  radiations  from  such  a  body 
are  a  function  of  the  temperature  alone  and  that 
these  conditions  of  "  black  body  "  radiation  exist 
in  the  interior  of  any  enclosure  all  the  sides  of 
which  are  at  a  uniform  temperature. 

Wien  and  Lummer  devised  a  laboratory  apparatus 
in  which  these  conditions  are  fulfilled  by  heating 
the  walls  of  a  hollow  opaque  enclosure  as  uniformly 
as  possible,  and  observing  the  radiation  coming 
from  the  inside  through  a  very  small  opening  in 
the  walls  of  the  enclosure. 

Stefan  and  Boltzmann  investigated  the  relation 
between  the  radiation  and  the  temperature  of  a 
black  body,  and  formulated  the  law  that  the  total 
radiation  is  proportional  to  the  fourth  poiver  of 
the  absolute  temperature.  Thus,  if  E  denotes  the 
radiation  from  a  body  at  temperature  Tx  to  one 
at  T0, 
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TOTAL  RADIATION  PYROMETERS. 

When  the  method  of  measuring  the  temperature 
is  based  on  the  total  radiation  emitted  from  the 
hot  body,  an  important  precaution  has  to  be 
observed.  By  far  the  largest  part  of  the  energy 
radiated  from  a  heated  body  is  in  the  infra  red 
part  of  the  spectrum,  and  it  is  important  that  no 
absorption  of  these  rays  should  occur  by  any  part 
of  the  apparatus  through  which  they  have  to  pass. 
Glass,  on  account  of  its  non-permeability  to  infra 
red  rays,  cannot  for  this  reason  be  used  anywhere  in 
the  field  of  view.  In  the  case  of  the  Fery  pyro- 
meter the  lenses  are  made  of  fluorite,  a  substance 
which  gives  only  one  small  absorption  band  in  the 
infra  red.  The  rays  from  the  incandescent  body 
are  focussed  on  to  a  small  thermo- junction,  when 
the  E.M.F.  generated  is  a  function  of  the  tempera- 
ture of  the  radiating  body.  It  is  also  necessary 
for  a  correct  measurement  that  the  area  of  the 
surface  of  the  incandescent  body  should  not  be 
below  a  certain  size  in  relation  to  the  distance 
from  the  pyrometer  so  that  the  focussed  rays  may 
completely  cover  the  thermo- junction.  This 
method  of  pyrometry  is  also  subject  to  the  limita- 
tions caused  by  departures  from  "  black  body " 
radiations. 
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3.  OPTICAL  PYKOMETKY. 

The  Wanner  Pyrometer  * 

In  the  Wanner  pyrometer  the  temperature  is 
estimated  by  measuring  the  intensity  of  radiation 
of  light  from  one  particular  part  of  the  spectrum. 

The  relation  between  the  temperature  and  the 
intensity  of  the  light  of  any  particular  wave  length 
can  be  expressed  by  a  formula  which  was  deduced 
by  Wien.t  According  to  this, 


This  formula  has  been  confirmed  by  experi- 
mental work  done  by  Paschen,+  and  by  further 
deductions  by  Planck.  § 

This  formula  can  be  expressed  in  a  simpler  form 

1 
as: 


where  K!  =  log  c  l  -  5  log  X  and  K2  =  c9  —^~ 

A 

As  the  Wanner  pyrometer  is  usually  constructed 
red  light  of  wave  length  0'656  M  is  used.  This  is 
compared  photometrically  with  the  light  radiated 
from  a  standard  lamp  of  constant  intensity.  Eays 
of  light  from  the  two  sources  enter  the  pyrometer 
side  by  side,  and  after  passing  through  a  direct 
vision  spectroscope  the  red  rays  from  each  traverse 

*  Wanner,  Phys.  Zeitsch.,  iii,  112  (1902). 
•\-Ber.  K.  Akad.  Wiss.,  Berlin  (1893),  p.  55. 
£  Wted.  Ann.,  Iviii,  455  (1896). 
§  Ann.  d.  Phys.,  ii,  141  (1900). 
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a  Hochon  prism  where  they  are  polarised  in 
directions  at  right  angles  to  each  other.  A  Nicol 
analyser  is  placed  before  the  eyepiece,  and  by 
rotating  the  prism,  the  intensity  of  the  light  from 
one  source  is  increased,  and  that  from  the  other 
diminished.  On  sighting  through  the  pyrometer 
the  light  from  the  two  sources  is  found  to 
illuminate  the  two  respective  halves  of  the  field , 
and  the  Nicol  analyser  is  rotated  until  the  two 
halves  are  equally  bright,  when  the  field  appears 
to  be  uniform.  The  degree  of  rotation  necessary  to 
produce  this  uniformity  gives  a  measure  of  the 
temperature  of  the  incandescent  object. 

As  shown  in  Fig.  24,  light  from  the  standard 
lamp  enters  the  slit  Sx,  after  diffuse  reflection  from 
a  right-angled  prism  placed  before  Si,  while  light 
from  the  object  whose  temperature  is  to  be 
measured  enters  the  slit  S2.  These  two  beams  of 
light  are  rendered  parallel  by  the  lens  Oi,  and, 
by  means  of  the  direct  vision  spectroscope,  the  rays 
are  resolved  into  a  continuous  spectrum.  The 
Eochon  prism  R  then  separates  each  beam  into 
two  beams  polarised  at  right  angles  to  one  another. 
The  light  now  traverses  the  biprism  B,  which  is 
constructed  with  such  an  angle  that  the  red  light 
of  two  images  only  of  opposite  polarity  falls  on  the 
slit  D.  This  biprism  increases  the  number  of 
images  to  8,  but  the  remaining  6  are  cut  off  from 
the  slit  D.  If,  now,  the  analyser  A  is  inclined  at 
an  angle  of  45°  to  each  polarised  beam,  and  if  the 
intensities  of  the  light  entering  St  and  S2  are 
equal,  then  the  field  seen  through  the  eyepiece 
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will  appear  of  uniform  brightness.  If,  however, 
instead  of  45°,  the  Nicol  is  placed  at  an  angle  <f> 
the  following  relation  holds  :  — 

r  =  tan20  ......  (a) 

•HJ 

where  I  equals  the  intensity  of  light  through  S2 
from  the  body  whose  temperature  is  to  be  measured, 
and  I0  equals  that  through  Sx  from  the  standard 
source. 

Since  monochromatic  light  is  used,  the  basis  of 
the  calibration  of  the  Wanner  pyrometer  is  given 
by  Wien's  equation  :  — 


where  T0  and  T  are  the  absolute  black  body 
temperatures  of  the  standard  source  and  the  incan- 
descent body  respectively. 

For  a  "  black  body  "  the  constant  c2  has  been 
evaluated  at  14500,  and  as  the  instrument  is 
usually  constructed  X  =  0.656  /w. 

•According  to  this  formula,  all  the  data  necessary 
for  the  calibration  of  the  instrument  is  a  knowledge 
of  the  apparent  black  body  temperature  of  the 
standard  source,  and  the  reading  of  the  analyser 
at  the  normal  point  when  I  =  I0.  Any  other 
temperature  can  then  be  calculated  by  use  of  the 
above  two  formulae  (a  and  b). 

It  is  very  important  to  be  able  always  to  re- 
produce the  comparison  light  at  S2  of  constant 
intensity.  A  small  filament  lamp  is  used  for  this 
purpose,  and  the  current  passing  through  is  con- 
trolled by  a  regulating  resistance,  and  is  measured 


148  PYROMETRY 

by  an  ammeter.  It  is  necessary  to  frequently 
check  and  readjust  the  intensity  of  this  comparison 
source.  For  this  purpose  use  is  made  of  an  amyl 
acetate  lamp,  burning  under  carefully  regulated 
conditions,  on  the  flame  of  which  the  pyrometer  is 
sighted.  Setting  the  Nicol  at  45°,  the  electric 
comparison  lamp  is  then  adjusted  in  brightness 
until  the  light  from  both  sources  is  uniform.  The 
apparent  "  black  body  "  temperature  of  the  flame 
is  evaluated  by  sighting  the  pyrometer  with  the 
JSTicol  in  the  same  position  on  to  a  substance  which 
gives  "  black  body  "  radiation,  and  whose  tempera- 
ture can  be  regulated  and  measured  by  some 
standard  means. 

The  arrangement  of  the  apparatus  for  the 
purpose  of  standardisation  by  the  amyl  acetate 
lamp  is  shown  in  Fig.  25.  C  is  the  incandescent 
lamp,  L  the  leads  to  the  battery,  the  current 
passing  through  the  ammeter  A  and  the  regulating 
resistance  E/.  A  ground  glass  diffusing  glass  is 
placed  at  D  in  between  the  flame  and  the  slit  of 
the  pyrometer.  F  is  the  flame  gauge.  It  is  very 
important  that  the  ground  glass  diffusing  screen 
should  always  be  placed  in  exactly  the  same  position 
relative  to  the  flame  and  the  slit  S2,  and  that  it  is 
free  from  any  dust,  etc.  The  amyl  acetate  lamp 
should  be  allowed  to  burn  for  five  minutes  before 
the  readings  are  taken,  and  the  height  of  the  flame 
should  be  adjusted  so  that  the  tip  is  about  1  mm. 
above  the  level  of  the  flame  gauge  F.  The 
incandescent  lamp  should  also  have  the  current 
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passing  through  for  a  few  minutes  before  a  reading 
is  taken. 

For  subsequent  measurements  of  temperature, 
the  pyrometer  is  removed  from  the  stand  and 
sighted  directly  on  to  the  incandescent  body. 

The  Nicol  analyser  has  a  pointer  (P)  attached, 
and  a  scale  graduated  in  degrees.  By  referring  to 
tables  the  temperature  is  ascertained  directly  from 
the  scale  readings.  The  sensibility  of  the  instru- 
ment is  greatest  when  the  analyser  is  at  the  normal 
position,  which  corresponds  to  the  black  body 
temperature  of  the  amyl  acetate  flame  when  viewed 
through  the  diffusing  screen  (this  is  1150°  as 
usually  constructed).  The  sensibility  is  as  follows  : 

O'l  scale  division-  1°  at  1000° 
0-1  „  „  =2°  „  1500° 
O'l  ,,  ,,  -7°  „  1800° 

For  higher  temperatures  a  smoked  glass  of  known 
absorption  is  placed  in  front  of  the  slit  S1?  and 
another  tabulation  of  the  temperatures  correspond- 
ing to  the  position  of  the  jSTicol  in  this  case  is 
provided. 

The  coefficient  of  absorption  of  the  smoked  glass 
is  given  by  the  following  formula  :  — 


where  K  is  the  coefficient  of  absorption  and  Tt  and 
T2  are  the  apparent  "black  body  temperatures 
(abs.)  sighted  first  without  and  then  with  the 
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smoked  glass.    Since  C2  =  14500  and  X  =  0'65/xthen 
the  above  formula   reduces   to 


.1      Iio 

T2     1\       9983 
This  constant  C  can  thus  be  calculated  by  measur- 
ing the  absorption  at  any  one  temperature. 

There  is  no  necessity  to  focus  the  Wanner 
pyrometer  for  varying  distance  from  the  object, 
and  no  definite  image  of  the  object  is  formed  in 
the  eyepiece.  If  the  incandescent  body  is  not 
sufficiently  large  to  cover  the  half  field  of  the 
pyrometer  at  the  particular  distance  it  is  placed 
from  the  instrument,  the  alteration  in  the  intensity 
is  only  very  small,  though  in  this  case  the  adjust- 
ment to  uniformity  with  the  other  portion  of  the 
field  is  rendered  more  difficult. 

This  method  of  pyrometry  also  possesses  the  great 
advantage  that  when  clear  glass,  mica  or  quartz 
intervene  in  the  path  of  the  rays,  the  absorption 
of  the  red  light  only  causes  a  slight  error  in 
the  temperature  indicated,  and  for  most  purposes 
this  can  be  neglected. 

If  the  glass  is  not  very  clear  the  real  tempera- 
ture (Ti)  (abs.)  is  calculated  from  the  apparent 
temperature  (T2)  by  means  of  the  formula  : 


The    constant    C    is    calculated    by    taking    a 
temperature  reading  of  an  incandescent  object  at 
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any  constant  temperature — 1st,  directly,  and,  2nd, 
through  the  transparent  medium .  In  these  tempera- 
ture measurements,  care  must  be  taken  that  the 
atmosphere  surrounding  the  heated  object  is  free 
from  fumes,  or  very  large  errors  may  arise  through 
absorption. 

Calibration  of  an  Optical  Pyrometer. 

The  readings  of  an  optical  pyrometer  can  be 
conveniently  calibrated  by  sighting  on  to  a  heated 
substance  which  radiates  as  a  "black  body,"  or 
with  which  the  amount  of  departure  from  this 
radiation  is  known,  and  the  temperature  of 
which  is  simultaneously  measured  by  some  other 
standard  method.  For  temperatures  up  to  1200 — 
1300°  the  radiation  from  a  heated  enclosure  (which 
radiates  as  a  black  body)  may  be  made  use  of. 
The  most  convenient  form  of  apparatus  is  an 
electric  furnace,  as  shown  in  Fig.  26.  The  central 
porcelain  tube  is  wound  with  platinum  wire  (W) 
(or  wire  consisting  of  some  alloy  of  a  high  melting 
point,  such  as  "  Nichrome "),  and  the  space 
between  this  and  the  outside  case  is  filled  with 
magnesia  or  kieselguhr.  A  plug  of  magnesia  or 
other  refractory  material  is  placed  at  P,  and  is 
provided  with  two  holes  to  allow  the  wire  of  a 
ther mo- junction  to  pass  through,  the  junction 
being  made  at  K.  The  interior  of  the  furnace  can  be 
slowly  raised  to  incandescence  by  the  passage  of  an 
electric  current  through  the  wire  coil.  It  is  necessary 
that  the  temperature  should  be  uniform  for  some 
distance  in  the  neighbourhood  of  the  diaphragm, 
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and  when  the  thermo- junction  wire  is  at  the  same 
temperature  it  becomes  invisible  against  the  bright 
background. 

The  pyrometer  is  sighted  into  the  porcelain  tube, 
and  the  temperature  is  given  by  the  thermo- 
j  unction  which  is  connected  with  a  potentiometer 
or  high  resistance  galvanometer. 

At  higher  temperatures  a  calibration  can  be 
made  at  certain  fixed  points  by  sighting  the  pyro- 
meter on  to  a  strip  of  pure  platinum,  rhodium  or 
iridium,  which  is  gradually  heated  to  its  melting 
point  by  means  of  a  carefully  regulated  current. 
The  apparatus  for  this  calibration  is  shown  in 
Fig.  27.  The  brass  tubes  A  and  B,  which  can  be 
cooled  by  water  circulation,  have  small  clamps 
attached  at  C  and  D.  In  this  way  a  strip  of  metal 
(S)  of  4  to  6  cms.  long  and  about  4  mms.  diam. 
can  be  connected  between  the  tubes,  so  as  to  form 
electrical  contact.  The  current  leads  are  connected 
at  M  and  N",  and  a  slow  current  of  water  is  allowed 
to  pass  through  the  tubes  w,  w. 

During  the  heating  of  the  strip  means  must  be 
taken  to  shield  it  from  draughts  of  air  which  would 
tend  to  cause  fluctuations  of  the  temperature. 
The  vicinity  of  any  other  bright  light  which  would 
cause  an  error  through  reflection  must  also  be 
avoided.  The  current  through  the  strip  is  carefully 
regulated  by  a  suitable  rheostat  and  measured  by 
an  ammeter.  Sometimes  the  metal  does  not  heat 
uniformly,  and  this  is  more  apt  to  occur  with  a 
long  than  with  a  short  strip.  In  this  case,  however, 
the  place  of  highest  temperature  can  easily  be 
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found  by  moving  the  pyrometer  from  side  to  side. 
The  temperature  is  very  gradually  and  continuously 
raised  and  the  pyrometer  continually  readjusted 
until  the  metal  fuses. 

It  is  necessary  that  the  surface  of  the  strip  should 
always  be  placed  in  a  "  normal  "  position  relatively 
to  the  pyrometer,  i.e.,  the  whole  surface  of  the 
metal  must  be  at  right  angles  to  the  axis  of  the 
pyrometer.  For  this  reason,  as  the  metal  expands 
with  the  rising  temperature  the  extension  should  be 
taken  up  by  rotating  the  screw  K,  which  works  a 
rack  and  pinion  and  increases  the  distance  between 
A  and  B.  For  red  light,  the  apparent  "  black 
body "  temperature  of  platinum  at  its  melting 
point  has  been  found  by  Waidner  and  Burgess  to 
be  1541°.* 

Holborn  and  Henningt  found  the  "  black  body  " 
melting  point  of  platinum  to  be  1545°,  rhodium 
1650°,  and  iridium  2000°. 

Departure  from  Black  Body  Radiation. 

Waidner  and  Burgess  (loc.  cit.)  measured  the 
radiation  from  various  substances  at  different 
temperatures  and  found  the  following  values  in 
the  case  of  red  light  ( A=0'65  /*)  :  — 

*"  Optical  Pyrometry,"  Bull.  Bureau  Standards,  Washing- 
ton, No.  2,  1905. 

t  Sitzungsber.  K.  ATcad.   Wiss.,  Berlin,  1905,  xii,  311. 
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For  platinum  : 

At  1750°  departure  from  B.B.  radiation 

corresponds  to  209° 

„    1500°             „                        „  126° 

„    1215°            „                       „  96° 

»    1064°             „                       „  91° 

,,      782°            „                       „  65° 

„      723°            „                       „  57° 
For  iron  oxide  : 

At     770°  departure  corresponds  to  23° 

„      980°            „                       „  46° 
For  fine  grained  Battersea  crucible : 

At     770°  departure  corresponds  to  14° 

„    1050°             „                         „  54° 
For   copper  oxide : 

At     750°  departure  corresponds  to  25° 

»    1065°            „                       „  49° 
For  unglazed  porcelain : 

At     730°   departure  corresponds  to  30° 

It  has  been  shown  that  the  radiation  from 
graphite  at  1250°  is  equal  to  the  radiation  from  a 
black  body  to  within  10°.* 

Holborn  and  Henningf  made  a  series  of 
measurements  on  the  radiation  from  the  noble 
metals  at  different  temperatures,  and  conclude 

from  these  results  that,  for  each  method,   -,*— ,  the 
ratio  of  the  light  emitted  by  the  metal  to  that 

*  Greenwood     Trans.  Chem.  Soc.  (1908),  xciii,  1486. 
t  Loc.  cit. 
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which  is  emitted  by  a  black  body   at  the  same 
temperature,  is  a  constant  for  all  temperatures; 

,      Em    -,          14500/1      1 
thus:    lo.=;ioe-- 


where  T  is  the  black  body  temperature  and  M  the 
apparent  temperature  of  the  metal. 

Hence  ir?~~rff  =  C  where  C  is  a  constant. 

The  following  values  were  found  for  -^~     and 
for  C,  with  the  different  metals  for  red  light  :  — 
Em 
W 

Platinum   ...     0'319         ...         0*0000507 
Gold    ......     0-127         ...        0-0000916 

Silver...  O'OSO  0'0001119 
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TABLE  OF  RELIABLE  MELTING  AND  BOILING  POINTS. 

Liquid  Hydrogen —253° 

„        Oxygen       ... -182° 

Freezing  Mercury —39° 

Melting  Ice      0° 

Boiling  Point  of  Aniline  at  760  mm.  press.     184° 

Naphthaline  ,,  220° 

,,  Diphenylamine      ,,  302° 

,,  Sulphur  ,,  445° 

Melting  Point  of  Tin     232° 

Zinc    419° 

Antimony 632° 

,,  Aluminium       657° 

Sodium  Chloride      800° 

Silver  (in  air) 955° 

,,  Silver   (in   reducing 

atmosphere)     962° 

Gold 1064° 

Copper  (in  air) 1062° 

,,  Potassium  Sulphate        ...  1070° 

,,  Copper  (in  reducing 

atmosphere)  1084° 

Nickel       ...     1427° 

Pure  Iron 1503° 

,,  Palladium 1545° 

Platinum  .  .  1750° 
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Boiling  Point  at  760mm.  press,  of  Magnesium  1120° 

Antimony  1440° 
Lead  1525° 

Aluminium  1800° 
Manganese  1900° 
Silver  1955° 

Chromium  2200° 
2270° 
2310° 


Tin 

Copper 

Iron 


2450C 


SPECIFIC  HEATS  AND  ELECTRICAL  RESISTANCE  AT  0' 
ELECTRO-CHEMICAL  EQUIVALENTS. 


Specific 
resistance. 

0-028  xlO-4 

0-99-  0-15  xlO-4 

0-017  xlO-4 

0-08- 0-11  x  lO-4 

0-108 -Oil  xlO~4 

0-016  x  10-4 

0-958  x  10~4 

1-OxlO15 
14-3  x  10- 4 
49-0  x  10-4 


Specific 
heat. 

Aluminium 

0-22 

Iron        

Oil 

Copper   ... 
Nickel    

0-093 
Oil 

Platinum 

0-032 

Silver     

0-056 

Mercury 
Glass      

0-0332 
0-19 

Graphite 
Retort  Carbon  . 

0-155 
0165 
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Electrochemical  Equivalents. 

1  gram  equivalent  conveys  95640  coulombs 
(ampere  seconds).  1  Ampere  Hour  therefore 
produces — 

At  the  cathode. 

1-186    grm.  Copper  (from  cupric  salts) 

4-0248  *   „     Silver 

1-094       „     Nickel 

1-219       „     Zinc 

0-0375     „      Hydrogen 

At  the  anode. 

0-2983     „     Oxygen 
1-322       „     Chlorine 
2*982       „     Bromine 
4-730       „      Iodine 
DISCHARGE  YOLTAGES  OF  DIFFERENT  IONS  FROM 

AQUEOUS  SOLUTION. 

On  reversing  the  signs,  the  values  represent  the 
solution  tendency. 

(a)  Cation  discharge  points, 
volt. 

0-058  log.  C. 


K- 

-2-92 

+ 

Na- 

-2-52 

+ 

Mg" 

-1-27 

+  |- 

Zn- 

-0-48 

+i 

Fe- 

-0-15 

+i 

Cd- 

-0-12 

+i 

Tl- 

-0-04 

+ 

Co- 

-o-oi 

+  j. 

Ni" 

+  0-06 

+1 

Pb- 

+  0-16 

_i_i 

Sri- 

+  018 

+1 

H- 

+  0-277 

+ 

Cu- 

+  0-62 

+i 

Ag- 

+  1-08 

+" 

Hg- 

+  1-14 

+i 

Air 

+  1-78 

+ 
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(b)  Anion  discharge  points. 

S"   -0-28  +  ^  0-058  log  C. 
40H'(->02+2H20)    +0-69  + 
T     +0-82  + 
Br'  + 


F   +2-18  + 
C  =  Ionic  Concentration  at  25° 

Reduction  Potentials  (normal  solutions). 
Cir  ->Cu"          +0-45 

Fe(CN)0""->Fe(CN)0'"  +  0-68 
Fe-  ->Fe-          +0-93 

Hg2-          ->2Hg-         +1-10 
Tl-  -»T1-  41-52 

Co-  ->Co~"          +2-08 

Pb"  ->Pb-         +2-08 

Potentials  of  Oxidation  Reactions. 

H2       +20H'->2H20  -0-54 

2H20  ->02  +4H-  +  1-51 

Cr-    +4H20->HCr04' 

Mn-    +2H20->Mn02 

Pb-    +2H20->Pb02  +4H-  +  172 

Mn02  +  2H20->Mn04/  +4H-  +  1-81 

02       +H20->03  +2H-  +  1-2 

The  normal  calomel  electrode  =  -  0'564  (at  25°) 
is  here  taken  as  the  standard. 


INDEX. 


Accumulator,  48 
Analysis,  56,  64,  68 
Aniline,  Preparation  of,  118 
Azobenzene,  Preparation  of,  119 

Beckmann  Thermometer,   2     . 
Boiling  Point,  9,  159 
Bomb  Calorimeter,   34 

Calomel  Electrode,  86 
Calorimetry,  23,  26,  34 
Capillary  Electrometer,  83 
Cells,    48,    85,    92 
Chlorates,   130 
Conductivities,  72 
Copper,  Estimation  of,  59,  63 

Decomposition  -Voltages,  97 
Density  Estimations,   16,  20 
Deposition  of  Metals,  56 
Dilution  Law,  80 
Dissociation,  78 
Dissociation  Constant,  80 

Electro-analysis,  56,  64,  68 
Electrometer,  83 
Electromotive  Force,  81 
Electrolytic  Preparations,  116 

Freezing  Point,  1 
Fery  Pyrometer,  144 

Gas  Calorimetry,  26 
Gas  Cells,  92 

Heat  of  Combustion,  26,  34 
Heat  of  Neutralisation,  23 
Hydrogen  Electrode,  95 
Hypochlorites,   126 

lodoform,  Preparation  of,  123 
Junkers'  Calorimeter,  26 
Lead,  Estimation  of,  60 


Melting  Points,   159 
Molecular    Weight    Estimations, 
1,  9 

Nickel,  Estimation  of,  61,  62 
Nitrates,  Reduction  of,  68 
Nitro-compounds,    Reduction   of, 

116,   118,  119 
Normal  Electrode,  86 

Optical  Pyrometry,   145 

Overvoltage,   101 

Oxidation,  Electrolytic,  123,  126, 

130. 

Oxidation  Potentials,   106 
Oxygen  Electrode,  95 

Polarisation,   101 
Potential  Difference,  81 
Potentials      of      Oxidising      and 

Reducing  Media,  106 
Pyknometer,   20 
Pyrometry,  134 

Radiation  Laws,  141,  145 
Radiation  Pyrometry,   140 
Rapid  Electro-depositions,   64 
Reduction,  Electrolytic,  68,  116 
Reduction  Potentials,  106 

Secondary   Cells,   48 

Silver,   Separation  from  Copper, 

63 

Slide  Wire  Bridge,  42 
Solution  Pressure,  90 

Tafel's  Method  of  Reduction,  120 
Thermo-chemical    Measurements, 

23,   34 

Thermo-electric  Pyrometry,    134 
Topler  Pump,  20 

Voltameters,  45,  53 
Wanner  Pyrometer,  145 

Zinc,  Separation  from  Nickel,  62 
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ANATOMICAL    SERIES. 

No.  I.  STUDIES  IN  ANATOMY  from  the  Anatomical  Department 
of  the  University  of  Manchester.  Vol.  iii.  Edited  by  ALFRED  H. 
YOUNG,  M.B.  (Edin.),  F.R.C.S.,  Professor  of  Anatomy.  Demy  8vo, 
ppx,  289,  23  plates.  10s.net.  (Publication  No.  10,  1906.) 

"  This  forms  the  third  volume  of  the  Studies  in  Anatomy  issued  by 
the  Council,  and  contains  contributions  of  considerable  interest.  The 
volume  is  well  printed  and  bcund.  It  speaks  well  for  the  activity  of 
investigation  at  Manchester." — Lancet. 

"  The  volume  is  well  got  up  and  is  evidence  of  the  continuation  of  the 
excellent  work  which  has  been  carried  on  for  so  long  a  period,  under 
Professor  A.  H.  Young's  supervision,  and  has  been  encouraged  and 
stimulated  by  his  own  work." — British  Medical  Journal. 

BIOLOGICAL    SERIES. 

No.  I.  THE  HOUSE  FLY.  Mwcadomestica^ixmssus).  A  Study  of  its 
Structure,  Development,  Bionomics  and  Economy.  By  C.  GORDON 
HEWITT,  D.Sc.,  Dominion  Entomologist,  Ottawa,  Canada,  and  late 
Lecturer  in  Economic  Zoology  in  the  University  of  Manchester. 
Demy  8vo,  pp.  xiv.  200,  10  plates.  20s.  net. 

(Publication  No.  52,  1910.) 

"  The  book  is  concisely  written  and  beautifully  illustrated  by  coloured 
plates." — Lancet. 

"  In  the  first  the  author  deals  with  the  anatomy  of  the  fly,  in  the 
second  with  the  habits,  development,  and  anatomy  of  the  larva,  and  in 
the  third  with  the  bionomics,  allies,  and  parasites  of  the  insect,  and  its 

relations  with    human    disease The    book    affords   an    excellent 

illustration  of  the  amount  of  original  and  useful  work  that  may  be  done 
on  the  commonest  and  best  known  of  animals." — Nature. 

"  Of  the  book  itself,  it  may  be  said  that  it  is  a  model  of  its  kind." 

— Athenceum. 

CELTIC    SERIES. 

No.  1.     AN   INTEODUCTION   TO   EARLY   WELSH.     By  the   late 
Prof.  J.  STRACHAN,  LL.D.     Demy  8vo,  pp.  xvi.  29*.     7s.  6d.  net. 

(Publication  No.  40,  1908.) 

"  The  Grammar  as  a  whole  is  of  course  a  very  great  advance  on  the 
pioneer  work  of  Zeuss;  Dr.  Strachan  had  fuller  and  more  accurate  texts 
to  work  with,  and  possessed  a  knowledge  probably  unsurpassed  of  the 
results  of  recent  progress  in  Celtic  philology,  which  he  himself  did  so 
much  to  promote." — Professor  Morris  Jones  in  the  Manchester  Guardian. 
"  The  work  is  an  excellent  introduction  to  the  study  of  early  Welsh. 
We  can  strongly  recommend  it  to  Welsh  students ;  it  is  undoubtedly  a 
work  which  no  student  of  Celtic  literature  can  afford  to  be  without." 

— North   Wales   Guardian. 

"  The  work  is  destined,  of  course,  to  become  the  text-book  in  early 
Welsh  wherever  taught." — Western  Mail. 

34,  Cross  Street,  Manchester  1 
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No.  II.  THE  LANGUAGE  OF  THE  ANNALS  OF  ULSTER.  By 
TOMAS  O'MAILLE,  M.A.,  Professor  of  Irish  in  University  College, 
Galway.  Demy  8vo,  pp.  xiii.  220.  7s.  6d.  net. 

(Publication  No.  53,  1910.) 

The  objects  of  this  dissertation  are  firstly  to  investigate  the  date  at 
which  certain  old-Irish  phonological  developments  took  place,  and 
secondly  to  give  an  acco  mt  of  old-Irish  declension  as  evidenced  by  the 
language  of  the  Annals  of  Ulster.  An  Appendix  on  the  analysis  of 
Irish  personal  names  is  appended. 

"As  a  valuable  book,  the  work  of  an  excellent  scholar,  as  treating  of 
a  most  interesting  period  of  the  Irish  language,  as  containing  apart  from 
its  very  great  academic  use  a  surprising  amount  of  matter  that  must 
fascinate  all  who  have  any  feeling  for  the  blend  of  old  and  new 
in  Modern  Irish,  this  elaborate  treatise  must  be  welcomed  with  joy. 
....  Learned  the  book  is,  patiently  methodical,  full  of  the  invaluable 
statement  of  "  document,"  widely  enlightening  for  the  scholars,  and  they 
already  know  that,  and  need  no  pushing  towards  the  book,  for  which 
they  and  their  special  works  have  been  impatiently  waiting." 

— Freeman's  Journal. 

"  The  book  is  a  painstaking  and  accurate  piece  of  work,  and  does 
honour  to  its  author  and  the  University  which  has  printed  it." 

— The   Athenceum. 

"  It  is  a  work  of  fine  scholarship,  which  will  prove  of  great  service  to 
the  student  of  early  and  middle  Irish,  and  it  is  a  valuable  testimony 
of  the  interest  which  is  being  taken  in  our  day  in  Irish  letters." 

— Scotsman. 

"  Obviously  we  have  here  an  invaluable  guide  to  the  early  history  of 
the  language.  The  book  is  carefully  indexed,  and  will  be  found 
invaluable  as  a  work  of  reference." — Irish  Times. 

"  It  is  one  of  the  most  important  contributions  to  old  Irish  studies 
issued  in  recent  years  The  author  had  the  enormous  advantage  of 
knowing  modern  Irish  from  childhood,  and  his  investigations  of  the 
language  of  the  annals  ai^  evidencs  of  the  advantage." 

— Irish  Independent. 

"The  book  is  notable  as  extending  the  lines  of  investigation,  chiefly 
directed  upon  Old  Irish,  with  which  we  have  grown  familiar  in  the  last 
ten  or  twelve  years." — Manchester  Guardian. 

CLASSICAL    SERIES. 

No.  I.  A  STUDY  OF  THE  BACCHAE  OF  EURIPIDES.  By  G. 
NORWOOD,  M.A  ,  Assistant  Lectarer  in  Classics.  Demy  8vo,  pp.  xx, 
188.  5s.  net.  (Publication  No.  31,  1908.) 

The  interest  of  Mr.  Norwood's  book,  which  ...  is  a  very  welcome 

addition  to  the  bibliography  of  Euripid3s,  and  a  scholarly  and  interesting 

2  34.  Cross  Street.  Manchester 
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A  STUDY  OF  THE  BACCHAE  OF  EURIPIDES  (continued), 
piece  of  work,  displaying  erudition  and  insight  beyond  the  ordinary, 
lies  in  the  way  in  which,  by  applying  Dr.  Verrall's  methods  ....  he 
first  shows  up  difficulties  and  inconsistencies,  some  of  which  have  hardly 
been  noticed  before  .  .  .  and  then  produces  his  own  startling  theory, 
which  he  claims  is  the  great  solvent  of  all  the  perplexities." 

— Saturday  Review. 

"  Unless  very  strong  evidence  can  be  produced  against  Mr.  Norwood's 
view,  it  must  be  accepted  as  the  true  solution  of  the  problem.  .  .  .  Mr. 
Norwood  is  generally  clear,  and  abounds  in  illuminating  thoughts.  He 
has  added  a  full  bibliography  (running  to  twenty-three  pages)  of  writings 
on  Euripides,  and  for  this  every  scholar  will  offer  his  sincere  thanks. 
.  .  .  He  has  done  a  very  good  piece  of  work." — Athenceum. 

"This  volume  forms  the  first  of  a  Classical  Series  projected  by  the 
Manchester  University,  who  are  to  be  congratulated  on  having  begun 
with  a  book  so  original  and  full  of  interest.  ...  It  is  admirably  argued, 
and  is  instinct  with  a  sympathetic  imagination.  It  is,  at  the  very  least, 
an  extremely  able  attempt  to  solve  a  very  complex  problem." 

— Manchester  Guardian. 

"  Mr.  Norwood's  book  has  even  in  the  eyes  of  a  sceptic  the  considerable 
merit  of  stating  the  hypothesis  in  a  very  thoroughgoing  and  able 
manner,  and  at  least  giving  it  its  full  chance  of  being  believed.'' 

— Professor  Gilbert  Murray  in  the  Nation. 

"  L'interpretation  de  M.  Norwood  est  certainement  tres  ingenieuse; 
elle  est  meme  tres  seduisante." — Itevue  Critique. 

ECONOMIC    SERIES. 

No.  I.  THE  LANCASHIRE  COTTON  INDUSTRY.  By  S.  J. 
CHAPMAN,  M.A.,  M.  Com.,  Stanley  Jevons  Professor  of  Political 
Economy  and  Dean  of  the  Faculty  of  Commerce.  Demy  8vo,  pp. 
vii.  309.  7s.  6d.  net.  (Publication  No.  4,  1904.) 

"  Such  a  book  as  this  ought  to  be,  and  will  be,  read  far  beyond  the 
bounds  of  the  trade." — Mane/tester  Guardian. 

"  There  have  been  books  dealing  with  various  phases  of  the  subject, 
but  no  other  has  so  ably  treated  it  from  the  economic  as  well  as  from 
the  historical  point  of  view." — Manchester  Courier. 

"  The  story  of  the  evolution  of  the  industry  from  small  and  insignificant 
beginnings  up  to  its  present  imposing  proportions  and  highly  developed 
and  specialised  forms,  is  told  in  a  way  to  rivet  the  attention  of  the 

reader the  book  is  a  valuable  and  instructive  treatise  on  a 

fascinating  yet  important  subject." — Cotton  Factory  Times. 

33,  Soho  Square,  London,  Vi  3 
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(GARTSIDE  REPORT,    No.    1.) 

No  II  COTTON  SPINNING  AND  MANUFACTURING  IN  THE 
UNITED  STATES  OF  AMERICA.  By  T.  W.  UTTLEY,  B.A., 
Gartside  Scholar.  Demy  Svo,  pp.  xii.  70.  Is.  net. 

(Publication  No.  8,  1905.) 

"  The  writer  gives  ample  details  concerning  wages  and  other  features 
connected  with  typical  mills  .  .  .  and  the  information  thus  gathered  is 
of  interest  and  value  to  the  factory  operative  as  well  as  the  student  and 
economist." — Cotton  Factory  Times. 

"  Mr.  Uttley  describes  how  he  visited  the  mills  in  various  States  in 
very  systematic  and  detailed  manner.     Altogether  the  report  makes  an 
admirable  and  welcome  collection  of  information,  and  will  be  found  on 
many  occasions  worthy  of  reference. " — Textile  Mercury. 

(GARTSIDE  REPORT,   No.   2.) 

No.  III.  SOME  MODERN  CONDITIONS  AND  RECENT 
DEVELOPMENTS  IN  IRON  AND  STEEL  PRODUCTION  IN 
AMERICA,  being  a  Report  to  the  Gartside  Electors,  on  the  results 
of  a  Tour  in  the  U.S.A.  By  FRANK  POPPLEWELL,  B.Sc.,  Gartside 
Scholar.  Demy  Svo,  pp.  xii'.  12:).  Is.  net 

(Publication  No  21,  1906.) 

"  Mr.  Popplewell  gives  a  clear  exposition  of  the  results  of  specialisa- 
tion in  production,  of  the  development  of  ore-handling  machinery,  and 
of  the  general  use  of  the  charging  machine,  features  that  characterise 
American  practice.  He  shows,  too,  that  the  colossal  blast-furnace  with 
huge  yield  due  to  high-blast  pressure,  regardless  of  consumption  of  steam 
and  boiler  coal,  is  giving  place  to  a  blast  furnace  of  more  modest 
dimensions.  .  .  . 

"The  impression  derived  from  reading  Mr.  Popplewell's  report  is  that 
many  of  the  most  striking  developments,  admirable  as  they  are,  were 
designed  to  meet  special  wants,  and  are  not  necessarily  applicable  in 
Great  Britain." — Nature. 

(GARISIDE  REPORT,  No.   3.) 

No.  IV.  ENGINEERING  AND  INDUSTRIAL  CONDITIONS  IN 
THE  UNITED  STATES.  By  FRANK  FOSTER,  M.Sc.,  Gartside 
Scholar.  Demy  Svo,  pp.  ix.  106.  Is.  net. 

(Publication  No    22,   1906.) 

"  The  report  under  review  is  of  very  great  interest  to  those  connected 
with  the  manufacturing  branch  of  engineering  in  this  country,  many  of 
whom  will  have  to  relinquish  their  preconceived  notions  regarding 
American  methods,  if  Mr.  Foster's  conclusions  are  to  be  accepted." 

— Electrical  Review. 

4  34.  Cross  Street.  MM n Chester 


SHERRATT    &    HUGHES 


MANCHESTER  UNIVERSITY  PUBLICATIONS. 
ECONOMIC   SERIES. 

No.  V.  THE  RATING  OF  LAND  VALUES.  By  J.D.  CHORLTOX,  M.Sc. 
Demy  8vo,  pp.  viii.  177.  3s.  6d.  net.  (Publication  No.  23.  1907.) 

"  The  first  half  of  this  book  deserves  to  become  a  classic 

is  one  of  the  best  books  on  a  practical  economic  question  that  has 
appeared  for  many  years.  It  is  not  only  scientifically  valuable,  but  so 
well  written  as  to  be  interesting  to  a  novice  on  the  subject." — TJie  Nation, 

"A  very  businesslike  and  serviceable  collection  of  essays  and  notes  on 
this  intricate  question." — Manchester  Guardian. 

"  Mr.  Chorlton  deals  clearly  and  concisely  with  the  whole  subject  of 
rating  and  land  values." — The  Standard. 

"  The  impartiality  and  candour  of  Mr.  Chorlton's  method  are  beyond 
dispute,  and  his  book  will  repay  careful  study  by  all  who  are  interested 
in  the  question,  from  whatever  motive." — Westminster  Gazette. 

GARTSIDE  REPORT,    No.    4.) 

No.  VI.  DYEING  IN  GERMANY  AND  AMERICA.  By  SYDNEY 
H.  HIGGINS,  M.Sc.,  Gaitside  Scholar.  Demy  8vo.  pp.  'xiii.  112. 
Is.  net.  (Publication  No.  24.  1907.) 

"  The  book  will  .  .  make  a  valuable  addition  to  the  technical  litera- 
ture of  this  country." — Tribune. 

"  The  work  is  one  which  ....  should  receive  the  attention  of  those 
who  desire  a  general  view  of  the  German  and  American  dyeing  in- 
dustries.''— Textile  Manufacturer. 

No.  VII.  THE  HOUSING  PROBLEM  IN  ENGLAND.  By 
ERNEST  RITSON  DEWSNUP,  M.A.,  Professor  of  Railway  Economics  in 
the  University  of  Chicago.  Demy  8vo,  pp.  vii.  327.  5s.  net. 

(Publication  No.  25,  1907.) 

"  Professor  Dewsnup  s  book  on  the  housing  problem  consists  of  three 
distinct  parts,  each  of  which  is  a  valuable  contribution  to  economic 
science.  In  Part  I,  Prof3ssor  Dewsnup  tries  to  give  a  clear  and  definite 
account  of  the  evil  with  which  authorities  in  England  are  called  upon 
to  cope.  Avoiding  all  special  pleading  and  all  evidence  of  the  sensational 
kind  which  is  apt  to  give  a  false  idea  of  the  extent  and  intensity  of  the 
evil  of  overcrowding,  he  does  not  on  the  other  hand  fall  into  the  error 
of  minimizing  the  evil. 

"  In  Part  II,  Professor  Dewsnup  gives  a  most  excellent  and  well- 
digested  summary  of  the  legislation  which  has  been  passed  by  Parlia- 
ment since  1851  to  cope  with  the  evils  of  overcrowded  houses,  and  of 
overcrowded  areas. 

"  In  Part  III,  the  strictly  informational  and  statistical  work  of  the 
previous  parts  is  utilized  by  the  author  to  support  his  own  conclusions 
as  to  the  best  methods  of  dealing  with  the  problem  of  overcrowding. 

"  Whether  or  not  the  reader  agrees  with  Professor  Dewsnup  in  the 
conclusions  he  draws  from  his  data,  every-  student  of  economic?  must 
be  grateful  to  him  for  the  accuracy  and  care  which  have  gone  into  the 
collection  and  arrangement  of  his  material." — 7Jhe  American  Political 
Science  Review,  vol.  iii,  No.  1,  February,  1909. 
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(GARTSIDE  REPORT,   No.   5.) 

No.  VIII.  AMERICAN  BUSINESS  ENTERPRISE.  By  DOUGLAS 
KXOOP,  M.A.,  Gartside  Scholar.  Demy  Svo,  pp.  viii.  128.  Is.  6d.  net. 

(Publication  No.  30,  1907.) 

"The  book  is  calculated  to  give  a  clear  and  accurate  description, 
"essentially  intended  for  th.3  general  reader,"  and  the  author  has  quite 
rightly  eliminated  everything  of  a  technical  character,  giving  his  theme 
both  the  simplicity  and  the  interest  that  are  required.  .  .  .  The  work 
might  well  have  been  doubled  in  length  without  any  loss  of  interest.  .  . 
Invaluable  as  a  text-book.''—  The.  Economic  Journal. 

"  Should  on  no  account  be  missed,  fpr  it  is  a  very  good  attempt  at  a 
survey  of  the  enornous  field  of  American  business  in  the  true  and 
judicial  spirit."— Pall  Mall  Gazette. 

(GARTSIDE  REPORT,   No.   6.) 

No.  IX.  THE  ARGENTINE  AS  A  MARKET.  By  N.  L.  WATSON, 
M.A.,  Gartside  Scholar.  Demy  8vo,  pp.  viii.  64.  *  Is.  net. 

(Publication  No.  33,  1908.) 

"A  valuable  and  thorough  examination  of  the  conditions  and  future 
of  Argentine  commerce." — Morning  Leader. 

(GARTSIDE   REPORT,    No.    7.) 

No.  X.  SOME  ELECTRO-CHEMICAL  CENTRES.  By  J.  N.  PRING, 
M.Sc.,  Gartside  Scholar.  Demy  8vo,  pp.  xiv.  137.  Is.  6d.  net. 

(Publication  No.  41,  1908.) 

"  Concise,  business-like,  and  furnished  with  some  valuable  papers  of 
statistics,  the  report  will  prove  well  worthy  of  the  study  of  anyone 
specially  interested  in  this  subject." — Scotsman. 

" The     reviewer     says    unhesitatingly    that     this 

Gartside  Report is  the  best  all-round  book  on  industrial  electro- 
chemistry that  has  so  far  come  to  his  notice." — Electro-chemical  and 
Metallurgical  Industry,  May,  1909. 

(GARTSIDE  REPORT,  No.   8.) 

No.  XI.  CHEMICAL  INDUSTRY  ON  THE  CONTINENT.  By 
HAROLD  BARON,  B.Sc.,  Gartside  Scholar.  Demy  8vo,  pp.  xi.  71. 
Is.  6d.  net.  (Publication  No.  44,  1909.) 

"Well  informed,  well  systematised,  and  written  with  businesslike 
precision,  it  deserves  the  attention  of  everyone  interested  in  its 
subject." — Scotsman. 

For  a  good  general  account  of  the  chemical  industry  on  the  Con- 
tinent we  think  this  report,  so  far  as  it  goes,  to  be  an  excellent  one  and 
is,  moreover,  unlike  many  works  on  the  subject,  interesting  to  read." 

— Chemical  Trades  Journal. 
"Clearly  and  intelligently  handled."— The  Times. 
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No.  XII.  UNEMPLOYMENT.  By  Prof.  S.  J.  CHAPMAN,  M.A., 
M.Com.,  and  H.  M.  HALLSWORTH,  M.A.,  B.Sc.  Demy  8vo,  pp.  xvi. 
164.  2s.  net,  paper,  2s.  6d.  net,  cloth.  (Publication  No.  45,  1909.) 

"  On  the  whole,  the  authors  offer  a  solid  contribution,  both  as  regards 
facts  and  reasoning,  to  the  solution  of  a  peculiarly  difficult  and  pressing 
social  problem." — Cotton  Factory  Times. 

"...  reproduces  in  amplified  form  a  valuable  set  of  articles,  giving  the 
results  of  an  investigation  made  in  Lancashire,  which  lately  appeared  in 
the  Manchester  Guardian.  By  way  of  Introduction  we  have  an  examina- 
tion, not  previously  published,  ol  the  Report  of  the  Poor-law  Commission 
on  Unemployment.  There  is  a  large  accompaniment  of  Charts  and 
Tables,  and  indeed  the  whole  work  bears  the  mark  of  thoroughness." 

— Guardian. 


(GARTSIDE  REPORT,   No.  9.) 

No.  XIII.  THE  COTTON  INDUSTRY  IN  SWITZERLAND, 
VORALBERG  AND  ITALY.  A  Technical  and  Economic  Study. 
By  S.  L.  BESSO,  LL.B.  Demy  8vo,  pp.  xv.  229.  3s.  6d.  net. 

(Publication  No.  54,  1910.) 

"The  large  amount  of  information  gathered  has  been  carefully 
arranged.  .  .  .  The  work  is  a  worthy  one,  interesting  to  the  general 
reader,  and  valuable  to  the  captain  of  commerce,  and  inevitably  suggests 
the  desirability  of  having  the  remaining  countries  of  the  Continent 
similarly  surveyed  ....  this  volume,  which  is  well  worth  careful 
study  by  all  who  are  interested  in  the  social  and  economic  conditions 
of  textile  workers  abroad." — The  Cotton  Factory  Times. 

"This  volume  may  be  heartily  commended  to  the  attention  of  all 
persons  interested  in  every  phase  of  cotton  mill  economics,  and  we 
congratulate  Mr.  Besso  on  the  admirable  manner  in  which  he  has  set 
forth  the  results  of  rrs  painstaking  investigations.  In  these  days  of 
international  comparisons,  a  series  of  volumes  dealing  in  this  way  with 
every  industrial  country  wou-ld  be  of  considerable  value  to  students  of 
industrial  and  commercial  affairs." — The  Textile  Mercury. 

" .  .  .  .  the  facts  and  statistics  the  author  marshals  so  clearly  .... 
a  skilled  investigator.  For  the  rest,  this  volume  does  infinite  credit 
alike  to  the  author  and  to  hid  University." — Morning  Leader. 

(GARTSIDE  REPORT,  'No.    10.) 

No.  XIV.    SOME    ELECTRICAL    POWER    DATA.      By    HAROLD 
HARTLEY,  M.Sc.  [In  the  Press. 
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No.  I.  CONTINUATION  SCHOOLS  IN  ENGLAND  &  ELSEWHERE. 
Their  place  in  the  Educational  System  of  an  Industrial  and  Com- 
mercial State.  By  MICHAEL  E.  SADLER,  M.A.,  LL.D.,  Professor  of 
the  History  and  Administration  of  Education.  Demy  8vo,  pp.  xxvi. 
779.  8s.  6d.  net.  (Publication  No.  29,  1907.) 

This  work  is  largely  based  on  an  enquiry  made  by  past  and  present 
Students  of  the  Educational  Department  of  the  University  of 
Manchester.  Chapters  on  Continuation  Schools  in  the  German 
Empire,  Switzerland,  Denmark,  and  France,  have  been  contributed  by 
•other  writers. 

" gives  a  record  of  what  the  principal  nations  are  doing  in  the 

prolongation  of  school  work.  It  is  invaluable  as  a  corpus  of  material 
from  which  to  estimate  the  present  position  of  the  world — so  far  as  its 
analogies  touch  Britain — in  '  further  education,'  as  the  phrase  is." 

—The   Outlook. 

"  The  most  comprehensive  book  on  continuation  schools  that  has  yet 
been  issued  in  this  country  " — Scottish  Review, 

"  The  whole  question  is  discussed  with  an  elaboration,  an  insistence  on 
detail,  and  a  wisdom  that  mark  this  volume  as  the  most  important 
contribution  to  educational  effort  that  has  yet  been  made." 

— Contemporary  Review. 

"  The  subject  of  the  work  is  one  that  goes  to  the  very  heart  of 
national  education,  and  the  treatise  itself  lays  bare  with  a  scientific  but 
humane  hand  the  evils  that  beset  our  educational  system,  the  waste  of 
life  and  national  energy  which  that  system  has  been  unable  in  any 
sufficient  degree  to  check." — The  Spectator. 

"  It  is  a  treasure  of  facts  and  judicious  opinions  in  the  domain  of  the 
history  and  administration  of  education." — The  Athenaeum. 

No.  II.       THE  DEMONSTRATION   SCHOOLS  RECORD.       No.  I. 

Being  Contributions  to  the  Study  of  Education  from  the  Department 
of  Education  in  the  University  of  Manchester.  By  J.  J.  FINDLAY, 
M.A.,  Ph.D.  Saran  Fielden  Professor  of  Education.  Demy  8vo, 
pp.  viii.  126.  Is.  6d.  net.  (Publication  No  32,  1908.) 

"  Professor  Findlay  and  his  skilled  and  experienced  collaborators  give 
an  interesting  account  of  the  uses  of  the  demonstration  classes,  the 
nature  and  scope  of  the  work  done  in  them,  and  the  methods  adopted 
(as  well  as  the  underlying  principles)  in  some  of  the  courses  of  instruc- 
tion."— The  Athemnnn. 

"The  book  gives  an  instructive  account  of  the  attempts  made  to 
correlate  the  subjects  of  school  instruction,  not  only  with  each  other,  but 
also  with  the  children's  pursuits  out  of  school  hours.  .  .  .  The  problem 
Professor  Findlay  ha?  se'u  himself  to  work  out  in  the  Demonstration 
School  is,  How  far  is  it  possible  by  working  with  the  children  through 
successive  culture  epochs  of  the  human  race  to  form  within  their  minds 
not  only  a  truer  conception  of  human  history,  but  also  eventually  a 
deeper  comprehension  of  the  underlying  purpose  and  oneness  of  all 
'human  activities  ?" — Morning  Post. 
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No.  III.  THE  TEACHING  OF  HISTORY  IN  GIRLS'  SCHOOLS 
IN  NORTH  AND  CENTRAL  GERMANY.  A  Report  by  EVA 
DODGE,  M.A.,  Gilchrist  Student.  Demy  8vo,  pp.  x.  149.  Is.  6d.  net. 

(Publication  No.  34,  1908.) 

"We  cordially  recommend  this  most  workmanlike,  and  extremely 
valuable  addition  to  pedagogic  literature." — Education. 

"  Miss  Dodge  has  much  of  interest  to  say  on  the  limitations  and 
defects  of  history-teaching  in  girls'  schools,  but  the  real  contribution 
of  this  book  is  its  revelation  of  how  the  history  lesson  can  be  made  a 
living  thing." — Glasgow  Herald. 

"  Gives  a  clear  and  detailed  account  of  two  well-organised  schemes  of 
historical  teaching  in  Germany." — School  World. 

No.  IV.  THE  DEPARTMENT  OF  EDUCATION  IN  THE 
UNIVERSITY  OF  MANCHESTER,  1890-1911.  Demy  8vo, 
146  pp.  Is.  6d.  net,  paper;  2s.  6d.  net,  cloth. 

(Publication   No.    58.   1911.) 

This  book,  published  in  commemoration  of  the  twenty-first  anniversary 
of  the  education  department,  includes  an  article  nearly  50  pages  long  by 
Prof  Sadler  on  University  Training  Colleges,  their  origin,  growth  and 
influence,  a  history  by  Mr.  W.  T.  Goode  of  the  department  of  education 
in  the  University,  a  register  of  past  and  present  students  and  a  record 
of  the  publications  issued  from  the  department.  It  is  illustrated  by 
photographs  of  the  University  and  some  of  the  leading  persons  connected 
with  the  education  department. 

No.  V.  OUTLINES  OF  EDUCATION  COURSES  IN  MAN- 
CHESTER UNIVERSITY.  Demy  8vo,  pp.  viii.,  190.  3s.net. 

[Publication  No.  61,  1911. 

No.  VI.  THE  STORY  OF  THE  MANCHESTER  HIGH  SCHOOL 
FOR  GIRLS,  1871— 191L  By  SARA  A.  BURSTALL,  M.A.  Demy 
8vo.,  pp.  xx.  214,  with  18  Plates.  5s.  net.  (Publication  No.  63,  1911.) 

ENGLISH    SERIES. 

No.  I.  THE  LITERARY  PROFESSION  IN  THE  ELIZABETHAN 
AGE.  By  PH.  SHEAVYN,  M.A.,D.Lit.,  Special  Lecturer  in  English 
Literature  and  Tutor  for  Women  Students ;  Warden  of  the  Hall  of 
Residence  for  Women  Students. 

A  series  of  brief  studies  dealing  with  the  conditions  amidst  which  the 
profession  of  literature  was  pursued  under  Elizabeth  and  James  I.  It 
treats  of  their  relations  with  patrons,  publishers,  and  reading  public,  and 
with  various  authorities  exercising  legal  control  over  the  press ;  and 
discusses  the  possibility  of  earning  a  sufficient  livelihood,  in  this  period,, 
by  the  proceeds  of  literary  work.  Demy  8vo,  pp.  xii.  221.  5s.  net. 

(Publication  No.  49,  1909.) 

"  .  .  .  .  scholarly  and  illuminating  book.  It  opens  a  new  series  in 
the  Manchester  University  publications,  and  opens  it  with  distinction. 
A  more  elaborately  documented  or  more  carefully  indexed  work  need 
not  be  desired.  The  subject  is  an  engrossipg  one;  and,  although  the 
author  has  aimed  rather  at  accuracy  and  completeness  than  at  the  arts  of 
entertainment,  the  result  remains  eminently  readable." 

— Mancli ester  Guardian. 
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No.  II.  BEOWULF  :  Edited,  with  Introduction,  Notes,  and  Glossary, 
by  W.  J.  SEDGEFIELD,  Litt.D.,  Lecturer  in  English  Language. 
Demy  8vo,  pp.  xii.  300.  9s.  net.  (Publication  No.  55,  1910.) 

"  It  is  his  carefuln-iss  in  this  matter  of  the  text  that  will  win  Mr. 
Sedgefield  the  chief  thanks  of  students.  This  record  of  variants  is  full 
and  accurate,  and  the  fuller  notes  which  follow  the  text  itself  should 
be  very  helpful  both  to  the  pupil  and  the  expert.  In  the  glossarial 
index  Mr.  Sedgefieid  has  accomplished  a  task  hitherto  unatCempted  in 
England.  .  .  .  Mr.  Sedgefi eld's  edition  of  "Beowulf  "maintains  admirably 
the  standard  of  scholarliness  which  Miss  Sheavyn's  recent  volume  set  her 
followers  in  the  new  English  series  of  Manchester  University  studies, 
and  we  need  no  longer  reproach  ourselves  with  the  necessity  of  going 
to  Germany  for  a  fully  edited  text  of  the  greatest  monument  of  our 
early  literature.  All  scholars  must  be  grateful." — Manchester  Guardian. 

"  Too  often,  the  philologist  and  the  man  of  letters  find  themselves  at 
variance,  and  it  is  rare  indeed  to  find  the  two  combined  in  one 
personality,  but,  brief  as  Mr.  Sedgefield's  introductory  essays  necessarily 
are,  they  suffice  to  show  that  the  poem  appeals  to  him  in  its  literary 
as  well  as  in  its  linguistic  aspect.  His  criticisms  are  admirably  sugges- 
tive, and  his  notes  on  the  metre,  origin,  authorship  and  date  are  models 
of  clearness  and  condensation.  The  Bibliography  and  Glossary  are 
admirably  full." — Guardian. 

"...  His  hope  that  it  will  find  acceptance  with  a  larger  public, 
if  not  already  fulfilled,  certainly  will  bo,  for  the  edition  is  incomparably 
better  than  any  yet  produced  in  England,  and  so  complete  in  glossary, 
bibliography,  and  other  explanatory  matter  as  to  stand  in  no  fear  of  a 
rival." — Journal  of  Education. 

"  It  is  a  scholarly  piece  of  work,  embodying  the  results  of  the  latest 
researches  and  containing  an  excellent  bibliography.  The  introduction 
provides  an  admirable  analysis  of  the  composition  and  structure  of  the 
poem.  It  is  the  best  English  edition  available  of  tha  oldest  extant  epic 
of  the  English  tongue." — Scotsman. 

"  Mr.  W.  J.  Sedgefield's  new  edition  of  "  Beowulf "  is  a  great  step 
forward  in  the  study  of  Beowulf  in  particular  and  the  general  popularisa- 
tion of  the  study  of  Anglo-Saxon  in  general.  It  may  be  said  that  in 
each  of  its  various  section:;  the  introduction,  the  notes,  the  glossary,  and 
the  appendices,  this  work  is  much  more  complete  than  any  other 
English  edition  which  hciS  hitherto  been,  published,  and  it  should  prove 
the  greatest  help  to  students  of  this  grand  old  epic  poem  ...  a  work 
which  essentially  conforms  to  the  spirit  of  modern  science." 

— Commentator. 

"The  prudence  and  clarity  of  this  edition.  .  .  .  Dr.  Sedgefield  has 
a  refreshing  criticism  of  Beowulf  on  its  purely  literary  side." 

— The  Nation. 

"The  notes  handle   all    the   chief   difficulties   frankly." 

— Educational  Times. 

"The  Bibliography   deserves   high   praise." — The   Athena'um. 
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No.  I.  MEDIEVAL  MANCHESTER  AND  THE  BEGINNINGS 
OF  LANCASHIRE.  By  JAMES  TAIT,  M.A.,  Professor  of  Ancient 
and  Mediaeval  History.  Demy  8vo,  pp.  x.  211.  7s.  6d.  net. 

(Publication  No.  3,  1904.) 

"  Patient  and  enlightened  scholarship  and  a  sense  of  style  and  pro- 
portion have  enabled  the  writer  to  produce  a  work  at  once  solid  and 
readable." — English  Historical  Review. 

"  A  welcome  addition  to  the  literature  of  English  local  history,  not 
merely  because  it  adds  much  to  our  knowledge  of  Manchester  and 
Lancashire,  but  also  because  it  displays  a  scientific  method  of  treatment 
which  is  rare  in  this  field  of  study  in  England." — Dr.  Gross  in  American 
Historical  Review. 

"La  collection  ne  pouvait  debuter  plus  significativement  et  plus  heure- 
usement  que  par  un  ouvrage  d'histoire  du  Moyen  Age  du  a  M.  Tait,  car 
1'enseignement  medieviste  est  un  de  ceux  qui  font  le  plus  d'honneur  a 
la  jeune  Universite  de  Manchester,  et  c'est  a  M.  le  Professeur  Tait  qu'il 
faut  attribuer  une  bonne  part  de  c°<  succes."— Revue  de  Synthese 
historique. 

No.  II.  INITIA  OPERUM  LATINORUM  QUAE  SAECULIS  XIII., 
XIV.,  XV.  ATTRIBUUNTUR.  By  A.  G.  LITTLE,  M.  A.,  Lecturer  in 
Palaeography.  Demy  8vo,  pp.  xiii.  273  (interleaved).  (Out  of  print.) 

(Publication  No.   5,   1904.) 

"  Whoever  has  attempted  to  ascertain  the  contents  of  a  Mediaeval 
miscellany  in  manuscript  must  often  have  been  annoyed  by  the  occurrence 
of  a  blank  space  where  the  title  of  the  treatise  ought  to  be.  Mr.  Little 
has  therefore  earned  the  gratitude  of  all  such  persons  by  making  public 
a  collection  of  some  6,000  incipits,  which  he  arranged  in  the  first  instance 
for  his  private  use,  in  compiling  a  catalogue  of  Franciscan  MSS." 

— English  Historical  Review. 

No.  III.  THE  OLD  COLONIAL  SYSTEM.  By  GERALD  BERKELEY 
HERTZ,  M.A.,  B.C.L.,  Lecturer  in  Constitutional  Law.  Demy  8vo, 
pp.  xi.  232.  5s  ne^.  (Publication  No.  7,  1905.) 

"  Mr.  Hertz  gives  us  an  elaborate  historical  study  of  the  old  colonial 

system,   which   disappeared   with   the  American   Revolution He 

shows  a  remarkable  knowledge  of  contemporary  literature,  and  his  book 
may  claim  to  be  a  true  history  of  popular  opinion." — Spectator. 

"  Mr.  Hertz's  book  is  one  which  no  student  of  imperial  developments 
can  neglect.  It  is  lucid,  fair,  thorough,  and  convincing." 

— Glasgow   Herald. 

"  Mr.  Hertz's  '  Old  Colonial  System '  is  based  on  a  careful  study  of 
contemporary  documents,  with  the  result  that  several  points  of  no  small 
importance  are  put  in  a  new  light  ....  it  is  careful,  honest  work  .... 
The  story  which  he  te'.ls  has  its  lesson  for  us." — The  Times. 

"  Both  the  ordinary  reader  and  the  academic  mind  will  get  benefit 
from  this  well-informed  ana  well-written  book." — Scotsman. 

"  Mr.  Hertz  has  made  excellent  use  of  contemporary  literature,  and 
has  given  us  a  very  valuable  and  thorough  critique.  The  book  is  in- 
teresting and  very  well  written." — American  Political  Science  Review. 
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No.  IV.  STUDIES  OF  ROMAN  IMPERIALISM.  By  W.  T. 
ARNOLD,  M.A.  Edited  by  EDWARD  FIDDES,  M.A.,  Lecturer  in 
Ancient  History,  with  Memoir  of  the  Author  by  Mrs.  HUMPHRY 
WARD  and  C.  E.  MONTAGUE.  With  a  Photogravure  of  W.  T. 
Arnold.  Demy  8vo,  pp.  cxxiii.  281.  7s.  6d.  net 

(Publication  No.  16,  1906.) 

"  Mrs.  Humphry  Ward  has  used  all  her  delicate  and  subtle  an  to 
draw  a  picture  of  her  belo\7ed  brother ;  and  his  friend  Mr.  Montague's 
account  of  his  middle  life  is  also  remarkable  for  its  literary  excellence." 

— Athenccum. 

"  The  memoir  ....  tenderly  and  skilfully  written  by  the  '  sister 
and  friend,'  tells  a  story,  which  well  deserved  to  be  told,  of  a  life  rich 
in  aspiration,  interests,  and  friendships,  and  not  without  its  measure  of 
actual  achievement. " — Tribune. 

"  This  geographical  sense  and  his  feeling  for  politics  give  colour  to  all 
he  wrote." — Times. 

"  Anyone  who  desires  a  general  account  of  the  Empire  under  Augustus 
which  is  freshly  and  clearly  written  and  based  on  wide  reading  will  find 
it  here." — Manchester  Guardian. 

"  Nothing  could  be  better  than  the  sympathetic  tribute  which  Mrs. 
Humphry  Ward  pays  to  her  brother,  or  the  analysis  of  his  work  and 
method  by  his  colleague  Mr.  Montague.  The  two  together  have  more 
stuff  in  them  than  many  big  books  of  recent  biography." 

—  Westminster  Gazette. 
The  Memoir  may  be  had  separately,  price  2s.  6d  net 

No.  V.  CANON  PIETRO  CASOLA'S  PILGRIMAGE  TO 
JERUSALEM  IN  THE  YEAR  1494.  By  M.  M.  NEWETT, 
B.A.,  formerly  Jones  Fellow.  Demy  8vo,  pp.  viii.  427.  7s.6d.net. 

(Publication   No.    26,   1907.) 

"  Tra  mezzo  ai  tanti  libri  erteri  di  semplici  divulgazione  su  fatti  «: 
figure  della  storia  italiana,  questo  emerge  piacevalmente  e  si  legg«i 
volontieri.  E  diverse  di  carattere  e  di  trattazione.  Esume  ....  dalla 
polvere  degli  archivi  e  delle  bibliote^he  qualche  cosa  che  ha  un  valoru 
fresco  ed  interessante,  un  valore  storico  e  un  valore  umano." 

— A.A.B.   in  the  Archivio  Storico  Italiano 

"  L'introduction  se  termine  par  touto  une  dissertation  du  plus  grand 
interet  documented  a  1'aide  des  archives  venitiennes,  sur  le  caractere 
commercial  des  pelerinages,  dont  les  armateurs  de  Venise  assumerent. 
jusqu  'au  XVIIe  siecle  Pentreprise." 

— J.B.  in  the  Revue  de  Synthe.se,  historiqyc 

"  Miss  Newett  has  performed  her  task  admirably,  preserving  much  of 
the  racy  humour  and  shrewd  phrasing  which  mark  the  original,  and 
adding,  in  the  introduction,  a  general  treatise  on  the  Venetian  pilgrim 
industry,  and  in  the  notes  copious  illustrations  of  the  text." 

— Horatio  Brown  in  the  English  Historical  Review. 
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CANON   PIETliO  CASOLA'S  PILGRIMAGE  TO  JERUSALEM 
IN  THE  YEAR  1494.— Continued. 

"  Miss  Newett's  introduction  is  an  admirable  bit  of  work.  She  has 
studied  carefully  what  the  archives  of  Venice  have  to  say  about  pilgrim 
ships  and  shipping  laws,  and  her  pages  are  a  mine  of  information  on 
such  subjects." — Dr.  Thomas  Lindsay  in  the  Scottish  Historical  lie  view. 

"  This  is  a  deeply  interesting  record,  not  merely  of  a  Syrian  pilgrim- 
age, but  of  Mediterranean  life  and  of  the  experiences  of  an  intelligent 
Italian  gentleman  at  th^  close  of  the  Middle  Ages — two  years  after  the 
discovery  of  America.  It  would  not  be  easy  to  find  a  more  graphic 
picture,  in  old  days,  of  a  voyage  from  Venice  to  the  Levant." 

— American  Historical  Review. 

No. VI  HISTORICAL  ESSAYS.  Edited  by  T.  F.  TOUT,  M.A., 
Professor  of  Mediaeval  and  Modern  History,  and  JAMES  TAIT,  M.A.r 
Professor  of  Ancient  and  Mediaeval  History.  Demy  8vo,  pp.  xv.  557. 
6s.  net.  Reissue  of  the  Edition  of  1902  with  index  and  New  Preface. 

(Publication  No.  27,  1907.) 

"  Diese  zwanzig  chronologisch  geordneten  Auf  satze  heissen  in  der 
Vorrede  der  Herausgeber  Festchrift,  behandeln  zur  Halfte  ausser-englische 
Themata,  benutzen  reichlich  festlandische  Literatur  und  verraten  iiberall 
neben  vveiten  Ausblicken  eine  methodische  Schulung  die  der  dortigen 
Facultat  hohe  Ehre  m<ir,ht." — Professor  Liebermann  in  Deutsche 
Literaturzeitung . 

"  Imperial  history,  local  history,  ecclesiastical  history,  economic  history 
and  the  methods  of  historical  teaching — all  these  are  in  one  way  or  another 
touched  upon  by  scholars  who  have  collaborated  in  this  volume.  Men 
and  women  alike  have  devoted  their  time  and  pains  to  working  out 
problems  of  importance  and  often  of  no  slight  difficulty.  The  result  is 
one  of  which  the  university  and  city  may  be  justly  proud." — The  late 
Professor  York  Powell  in  the  Manchester  Guardian. 

"  Esso  contiene  venti  lavori  storici  dettati,  quattro  da  professori  e  sedici 
da  licenziati  del  Collegio,  e  sono  tutto  scritti  appositamente  e  condotti 
secondo  le  piu  rigorose  norme  della  critica  e  su  documenti." — R.  Predelli 
in  Nuoro  Archivio  Veneto. 

"  Le  variete  des  sujets  et  Perudition  avec  laquelle  ils  sont  traites  font 
grand  honneur  a  la  maniere  dont  1'histoire  est  enseigne  a  Owens  College." 

— Revue  Hif-torique. 

"  Par  nature,  c'est  un  recueil  savant,  qui  temoigne  du  respect  et  de 
('emulation  que  sait  exercer  pour  les  etudes  historiques  la  jeune  et  deja 
celebre  universite." — Revue  d'histoire  ecclesiastioue  (Louvain). 

"All  these  essays  reach  a  high  level;  they  avoid  the' besetting  sin  of 
most  of  our  present  historical  writing,  whiclTconsists  of  serving  up  a  hash 
of  what  other  historiaas  have  written  flavoured  with  an  original  spice  of 

error They   are   all   based   on   original    research  and    written  by 

specialists." — Professor  A.  F.  Pollard  in  the  English  Historical  Review. 

"  Sie  bilden  einen  schonen  Beweis  fur  die  rationelle  Art,  mit  der  dort 
dieses  Studium  betrieben  wird." — Professor  0.  Weber  in  Historische 
Zeitschrift. 

The  index  can  be  purchased  separately,  jrrice  6d.  net. 
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No  VII.  STUDIES  SUPPLEMENTARY  TO  STUBBS'  CONSTI- 
TUTIONAL HISTORY.  Vol.  i.  ByCH.  PETiT-DuTAiLLis,Litt.D., 
rector  of  the  University  of  Grenoble.  Translated  from  the  French 
by  W.  E.  RHODES,  M.A.,  and  edited  by  Prof.  JAMES  TAIT,  M.A. 
Demy  8vo,  pp.  xiv.  152.  4s.  net. 

(Publication  No.  38,  1908.     Second  Edition,  1911). 

"  The  volume  will  be  virtually  indispensable  to  teachers  and  students 
of  history." — Athenceum. 

"  This  task  has  been  carefully  and  well  performed,  under  the  supervi- 
sion of  Professor  Tait,  who  has  written  a  short  but  adequate  introduc- 
tion. This  little  book,  ought,  without  delay,  to  be  added  to  every 
public  or  private  library  that  contains  a  copy  of  the  classic  work  to 
which  it  forms  an  indispensable  supplement." 

— Dr.  W.  S.  McKechnie  in  the  Scottish  Historical  Review. 

"  These  supplementary  studies  impress  one  as  a  discreet  and  learned 
attempt  to  safeguard  a  public,  which  is  likely  to  learn  all  that  it  will 
know  of  a  great  subject  from  a  single  book,  against  the  shortcomings 
of  that  book." — Professor  A.  B.  White  in  the  American  Historical  Review. 

"  C'est  un  complement  indispensable  de  1'ouvrage  de  Stubbs,  et  Ton 
saura  gre  a  PUniversite  de  Manchester  d'avoir  pris  1'initiative  de  cette 
publication." — M.  Charles  Bemont  in  Revue  Historique. 

"  Ce  sont  des  modeles  de  critique  ingenieuse  et  sobre,  une  rmse  au  point 
remarquable  des  questions  les  plus  importantes  traitees  jadis  par 
Stubbs." — M.  Louis  Halphen  in  Revue  de  Synthese  Jiistorique. 

"  Zu  der  englischen  Ubersetzung  dieser  Excurse,  durch  einen  verdienten 
jiingeren  Historiker,  die  durchaus  leicht  wie  Originalstil  fliesst,  hat  Tait 
die  Vorrede  geliefert  und  manche  Note,  die  noch  die  Literatur  von  1908 
beriicksichtigt.  Die  historische  Schule  der  Universitat,  Manchester, 
an  Riihrigkeit  und  strenger  Methode  von  keiner  in  England  ubertroffen, 
bietet  mit  der  Veroffentlichung  der  werthvollen  Arbeit  des  Franzosen 
ein  treffliches  Lehrmittel." — Professor  F.  Liebermann,  in  Deutsdie 
Literaturzcitung. 
No.  VIII.  MALARIA  AND  GREEK  HISTORY.  By  W.  H.  S.  JONES, 

M.A.  To  which  is  added  the  History  of  Greek  Therapeutics  and 
the  Malaria  Theory  by  E.  T.  WITHINGTON,  M.A.,  M.B.  Demy  8vo, 
pp.  xii.  176.  5s.  net.  (Publication  No  43,  1909.) 

"  Mr.  W.  H.  S.  Jones  is  to  be  congratulated  on  the  success  with  which 
he  has  conducted  what  may  be  described  as  a  pioneering  expedition  into 
a  practically  unexplored  field  of  history  ....  the  publishers  are  to  be 
congratulated  on  the  admirable  way  in  which  the  book  has  been  turned 
out — a  joy  to  handle  and  to  read." — Manchester  Guardian. 

"  This  interesting  volume  is  an  endeavour  to  show  that  the  decline  of 
the  Greeks  as  a  people  for  several  centuries  before  and  after  the 
Christian  era  was  largely  due  to  the  prevalence  of  malaria  in  its  various 
forms." — Glasgow  Herald. 

"[The  author]  ....  has  amassed  a  considerable  store  of  valuable 
information  from  the  Greek  classics  and  other  sources  which  will  prove 
extremely  useful  to  all  who  are  interested  in  his  theory." 

— Birmingham  Daily  Post. 
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No.  IX.  HANES  GRUFFYDD  AP  CYNAN.  The  Welsh  text  with 
translation,  introduction,  and  notes  by  ARTHUR  JONES,  M.A.,  Jones 
Fellow  in  History.  Demy  8vo,  pp.  viii.  204.  6s.  net. 

(Publication  No.  50,  1910.) 

"  No  Welsh  historian  of  the  future  can  afford  to  neglect  this  scholarly 
attempt  to  give  the  work  of  Griffith  ap  Cynan  a  true  historical  setting. 
The  introduction  is  an  ideally  well-balanced  estimate  of  a  singularly 
quaint  and  beautiful  piece  of  history." — Glasgow  Herald. 

"  The  Editor  has  prefaced  his  text  with  a  comprehensive  and  nearly 
always  convincing  introd  action  of  more  than  100  pages,  besides  copious 
notes.  Nearly  every  page  of  both  contains  matter  of  Irish  history, 
sometimes  really  new,  since  taken  from  the  document  never  deeply 
studied  before,  and  always  valuable  from  the  new  light  thrown  by  the 
collation  of  independent,  '  international  '  testimonies.  ...  It  will  at 
once  be  seen  that  we  have  here  a  document  of  the  first  interest  to 
ourselves ;  the  University  and  the  Editor  have  put  us  in  their  debt  for  a 
valuable  contribution  to  our  history." — Freeman's  Journal. 

"Mr.  Jones  prints  the  Welsh  text  in  a  scholarly  recension,  and 
accompanies  it  page  by  page  with  a  faithful  version  into  English, 
explains  its  obscurities  and  personal  and  local  allusions  in  notes  always 
concise  and  to  the  point,  and  brings  it  in  with  an  interesting  introduction, 
which  treats  fully  of  the  transmission  of  the  text,  of  its  value  as  an 
historical  document,  and  of  its  relation  to  other  remaining  original 
authorities  for  the  history  of  the  Norman  Conquest." — Scotsman. 

"  Mr.  Jones's  enterpris3  is  the  result  of  the  happy  union  in  the 
University  of  Celtic  and  of  historical  studies.  .  .  The  textual  editing, 
the  annotations,  and  the  translation  have  all  been  admirably  done,  and 
the  work  is  a  credit  alik3  to  the  author,  the  University,  and  to  the 
Press." — Manchester  Guardian. 

"  Hearty  thanks  are  due  for  a  most  useful  and  satisfactory  edition." 

— ArckfEologia   Cambrensis. 

No.  X.  THE  CIVIL  WAR  IN  LANCASHIRE.  By  ERNEST  BROXAP, 
M.A.  Demy  8vo,  pp.  xv.  226.  7s.  6d.  net. 

(Publication  No.  51,  1910.) 

"  By  a  judicious  use  of  it  he  has  produced  an  eminently  readable  and 
informing  work.  .  .  .  The  University  ot  Manchester,  which,  but  for 
the  pressure  of  the  political  situation,  would  have  been  founded  in 
1642,  is  to  be  congratulated  upon  its  choice  of  an  historian  of  the  war  in 
Lancashire. " — A  thenceum 

"  Mr.  Broxap's  monograph  must  be  welcomed  as  the  most  important 
of  those  hitherto  given  to  history  to  illuminate  the  county  aspect  of 

the  Civil  War The  whole  book  is  very  carefu^y  revised  and 

accurate  in  its  details,  full  and  satisfactory,  and  the  order  in  which  the 
story  is  told  is  excellent.  The  index  is  also  sufficient,  and  the  whole 
study  is  amply  annotated.  Altogether,  both  the  author  and  the 
Manchester  University  Press  are  to  be  thoroughly  congratulated  upon 
the  volume." — Morning  Post. 
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THE  CIVIL  WAR  IN  LANCASHIRE  (continued). 

"It  is  clear  that  Mr.  Broxap  has  minutely  studied  all  available 
original  materials  and  that  he  uses  them  with  care  and  discrimination. 
...  the  highest  praise  that  can  be  given  to  the  author  of  a  historical 
monograph  is  that  he  set  out  to  produce  a  book  that  was  wanted, 
does  that  extremely  well,  and  does  nothing  else,  and  to  this  praise 
Mr.  Broxap  is  fully  entitled."—  Westminster  Gazette. 

"  The  author  has  carefully  studied  authorities,  and  this  first  complete 
and  separate  account  of  a  momentous  episode  in  the  Civil  War  is  marked 
by  a  painstaking  rega-d  to  accuracy  of  detail,  and  also  by  a  judgment 
that  is  invariably  fair  arid  unbiassed  as  well  as  careful  and  acute." 

— Scotsman. 

No.  XL  A  BIOGRAPHY  OF  THOMAS  DEACON,  THE  MAN- 
CHESTER NON- JUROR.  By  Henry  Broxap,  M.A.  Demy  8vo, 
pp.  xix.  215,  2  plates.  7s.  6d,  net.  (Publication  No.  59,  1911.) 

"  It  has  the  signal  merit,  as  history,  of  dealing  with  real  historical 
questions  and  bringing  research  and  historical  methods  to  bear 
upon  them.  The  author's  motive  has  never  been  to  concoct  a  book  for 
the  circulating  library,  but  to  illustrate  by  a  single  instance  the  strong 
and  noble  characteristics  of  a  sect  which  Johnson  and  Macaulay 
despised." — Manchester  Guardian. 

"  Deacon  was  a  Manchester  man ;  Mr.  Broxap  is  a  Manchester  man  ; 
and  the  book  is  a  work  of  independent  and  original  research,  which  adds 
many  interesting  particulars  to  the  knowledge  of  Deacon  and  of  the 
non- jurors  hitherto  available  to  students." — Scotsman. 

"The  materials  for  a  biography  of  Thomas  Deacon  are  not  too 
plentiful,  but  Mr.  Broxap  has  made  the  best  possible  use  of  the 
available  sources,  and  weaves  into  his  story  many  interesting  glimpses 
of  the  social  and  religious  life  of  the  period." — Glasgow  Herald. 

No.  XII.  THE  EJECTED  OF  1662 :  Their  Predecessors  and 
Successors  in  Cumberland  and  Westmorland.  By  B.  NIGHTINGALE, 
M.A.  In  two  volumes,  demy  8vo,  pp.  xxiv.  1490.  28s.  net. 

(Publication  No.  62,  1911.) 

GERMANY  IN  THE  NINETEENTH  CENTURY.  Lectures  by 
J.  HOLLAND  ROSE,  Litt.D.,  C.  H.  HERFORD,  Litt.D.,  E.  C.  K. 
GONNER,  M.A.,  M.  E.  SADLER,  M.A.,  LL.D.  [In  the  Press. 

THE  LOSS  OF  NORMANDY,  1189—1204.  By  F,  M.  POWICKE,  M.A., 
Professor  of  History  in  the  University  of  Belfast.  [In  the  Press. 

DOCUMENTS    RELATING    TO  IRELAND  UNDER  THE    COM- 
MONWEALTH.    By  ROBERT  DUNLOP,  M.A.,   Lecturer  on  Irish 
History.     In  2  volumes,  demy  Svo. 
This  work  will  consist  of  a  series  of  unpublished  documents  relating 

to  the  History  of  Ireland  from  1651  to  1659,  arranged,  modernized,  and 

edited,   with  introduction,   notes,   etc.,  by  Mr.   DUNLOP. 

[In  Preparation. 
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No.  I.  SKETCHES  OF  THE  LIVES  AND  WOEK  OF  THE 
HONORARY  MEDICAL  STAFF  OF  THE  ROYAL  INFIRMARY. 
From  its  foundation  in  1752  to  1830,  when  it  became  the  Royal 
Infirmary.  By  EDWARD  MANSFIELD  BROCKBANK,  M.D.,  M.R.C.P. 
Crown  4to.  (illustrated),  pp.  vii.  311.  15s.  net. 

(Publication  No.  1,  1904.) 
"Dr.  Brockbank's  is  a  book  of  varied  interest.     It   also  deserves  a 

welcome  as  one  of  the  earliest  of  the  '  Publications  of  the  University  of 

Manchester.'  " — Manchester  Guardian. 

No.  II.  PRACTICAL  PRESCRIBING  AND  DISPENSING.  For 
Medical  Students.  By  WILLIAM  KIRKBY,  sometime  Lecturer  in 
Pharmacognosy  in  the  Owens  College,  Manchester.  Crown  8vo, 
pp.  iv.  194.  5s.  net. 

(Publication  No.   2,  1904,   Second  Edition,   1906.) 
"The  whole  of  the  matter  bears  the  impress  of  that   technical   skill 

and  thoroughness  with  which  Mr.   Kirkby's  name  must  invariably  'be 

associated,  and  the  book  must  be  welcomed  as  one  of  the  most  useful 

recent  additions  to  the  working  library  of  prescribers  and  dispensers." 

— Pharmaceutical  Journal. 
"  Thoroughly  practical  text-books  on  the  subject  are  so  rare,  that  we 

welcome  with  pleasure  Mr.  William  Kirkby's  '  Practical  Prescribing  and 

Dispensing.'     The  book  is  written  by  a  pharmacist  expressly  for  medical 

students,  and  the  author  has  been  most  happy  in  conceiving  its  scope 

and  arrangement." — British  Medical  Journal. 

No.  III.  HANDBOOK  OF  SURGICAL  ANATOMY.  By  G.  A. 
WRIGHT,  B.A.,  M.B.  (Oxon.),  F.R.C.S.,  Professor  of  Systematic 
Surgery,  and  C.  H.  PRESTON,  M.D.,  F.R.C.S.,  L.D.S.,  Lecturer  on 
Dental  Anatomy ;  Assistant  Dental  Surgeon  to  the  Victoria  Dental 
Hospital  of  Manchester.  Crown  8vo,  pp.  ix.  205.  5s.  Second 
edition.  (Publication  No.  6,  1905.) 

"  Dr.    Wright   and  Dr.    Preston   have  produced   a   concise   and    very 

readable  little  handbook  of  surgical  applied  anatomy. '.  .  .  The  subject 

matter  of  the  book  is  well  arranged  and  the  marginal  notes  in  bold  type 

facilitate  reference  to  any  desired  point." — Lancet. 

No.  IV.  A  COURSE  OF  INSTRUCTION  IN  OPERATIVE 
SURGERY  in  the  University  of  Manchester.  By  WILLIAM 
THORBURN,  M.D.,  B.S.  (Lond.),  F.R.C.S.,  Lecturer  in  Operative 
Surgery.  Crown  8vo,  pp.  75  (interleaved),  26  Figures  in  the  Text. 
2s.  6d.  net.  (Publication  No.  11,  1906.) 

"This   little  book  gives  the   junior   student  all  that   he   wants,    and 

nothing  that  he  does  not  want.     Its  size  is  handy,  and  altogether  for  its 

purpose  it  is  excellent." — University  Review. 

No.  V.     A  HANDBOOK  OF  LEGAL  MEDICINE.     By  W.  SELLERS, 

M.D.    (London),    of    the    Middle   Temple,    and    Northern    Circuit, 

Barrister-at-law.     With   7   Illustrations.     Crown  8vo,  pp.    vii.    233. 

7s.  6d.  net.  (Publication  No.  14,  1906.) 

"  This   is   quite   one  of  the   best   books   of   the   kind   we   have   come 

across." — Law  Times. 
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No.  VI.  A  CATALOGUE  OF  THE  PATHOLOGICAL  MUSEUM 
OF  THE  UNIVERSITY  OF  MANCHESTER.  Edited  by  J. 
LORRAIN  SMITH,  M.A.,  M.D.  (Edin.),  Professor  of  Pathology. 
Crown  4to,  1260  pp.  7s.  6d.  net.  (Publication  No.  15,  1906.) 

"  The  catalogue  compares  very  favourably  with  others  of  a  similar 
character,  and,  apart  from  its  value  for  teaching  purposes  in  an  im- 
portant medical  school  such  as  that  of  the  University  of  Manchester,  it 
is  capable  of  being  of  great  assistance  to  others  as  a  work  of  reference." 

— Edinburgh  Medical  Journal 

"  In  conclusion  we  need  only  say  that  Professor  Lorrain  Smith  has 
performed  the  most  essential  part  of  his  task — the  description  of  the 
specimens — excellently  and  an  honourable  mention  must  be  made  of 
the  book  as  a  publication." — British  Medical  Journal. 


No.  VII.  HANDBOOK  OF  DISEASES  OF  THE  HEART.  By 
GRAHAM  STEELL,  M.D.,  F.R.C.P.,  Professor  of  Medicine,  and 
Physician  to  the  Manchester  Royal  Infirmary.  Crown  8vo, 
pp.  xii.  389,  11  plates  (5  in  colours),  and  100  illustrations  in  the  text. 
7s.  6d.  net.  (Publication  No.  20,  1906.) 

"It  more  truly  reflects  modern  ideas  of  heart  disease  than  any  book 
we  are  acquainted  with,  and  therefore  may  be  heartily  recommended  to 
our  readers." — Treatment. 

"  We  regard  this  volume  as  an  extremely  useful  guide  to  the  study  of 
diseases  of  the  heart,  and  consider  that  no  better  introduction  to  the 
subject  could  possibly  have  been  written." 

— Medical  Times  and  Hospital  Gazette. 


No.  VIII.     JULIUS  DRESCHFELD.     IN    MEMORIAM.     Medical 
Studies  by  his  colleagues  and  pupils  at  the  Manchester  University 
and    the    Royal    Infirmary.     Imperial    8vo,    pp.    vi.    246.     With   a 
Photogravure  and  43  Plates.  10s.  6d.  net.  "(Publication  No.  35,  1908.) 
"  A  worthy  memorial  of  one  who  left  no  small  mark  upon  the  study  of 
clinical  pathology  in  this  country." — British  Medical  Journal. 

"The  papers  which  compose  the  bulk  of  the  volume  have  been  re- 
printed from  the  '  Manchester  Chronicle/  vol.  xiv,  and  they  are  of  both 
interest  and  permanent  value."— Scottish  Medical  Journal 

"  The  editor.  Dr.  Brockbank,  can  be  congratulated  upon  editing  a 
volume  that  will  fitly  perpetuate  the  memory  of  his  eminent  colleague." 

— Medical  Per  lew. 
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No.  IX.  HANDBOOK  OF  INFECTIOUS  DISEASES.  By  R.  W. 
MARSDEN,  M.D.  Crown  8vo,  pp.  vi.  296.  5s.  net. 

(Publication  No.  39,   1908.) 

"  This  book  aims  at  giving  a  practical  account  of  the  various  infectious 
diseases,  suitable  for  ready  reference  in  everyday  work,  and  the  author 
has,  on  the  whole,  succeeded  admirably  in  his  attempt." — The  Lancet. 

"  Throughout  the  book  the  information  given  seems  thoroughly 
adequate,  and  especial  attention  is  paid  to  diagnosis." 

— Scottish  Medical   Journal. 
"The  subject  matter  is  wsll  arranged  and  easy  of  reference." 

— The  Medical  Officer. 

No.  X.  LECTURES  ON  THE  PATHOLOGY  OF  CANCER.  By 
CHARLES  POWELL  WHITE,  M.A.,  M.D.,  F.R.C.S.  Imperial  8vo, 
pp.  x.  83,  33  plates.  3s.  6d.  net.  (Publication  No.  42,  1908) 

"  The  volume  is  a  model  of  scientific  self-restraint.  In  four  chapters 
the  author  covers  in  simple  language  much  that  is  of  main  interest  in 
the  present  phase  of  investigation  'of  cancer  .  .  . 

"  The  volume  ...  is  well '  illustrated  with  statistical  charts  and 
photomicrographs,  and  its  perusal  must  prove  profitable  to  all  who  wish 
to  be  brought  up-to-d  ite  in  the  biology  of  cancer." — Nature. 

"Full  of  scholarly  information  and  illustrated  with  a  number  of 
excellent  black-and-white  plates." — Medical  Press. 

"  These  lectures  give  a  short  resume  of  recent  work  on  the  subject  in 
an  easily  assimilable  form." — St.  Bartholomew's  Hospital  Journal. 
No.  XI.     SEMMELWEIS  :   HIS  LIFE   AND    HIS   DOCTRINE.     A 
chapter  in  the  history  of  Medicine.     By  Sir  WILLIAM  J.   SINCLAIR, 
M.A.,  M.D.,  Professor  of  Obstetrics  and  Gynaecology  in  the  Univer- 
sity of  Manchester.     Imperial  8vo,  pp.  x.  369,  2  plates.     7s.  6d.  net. 

(Publication  No.  46,  1909.) 

"  Semmelweis  has  found  a  worthy  biographer  who  has  made  a 
noteworthy  contribution  to  medical  literature,  and  whose  understanding 
of  the  work  and  sympathy  for  the  trial  of  his  subject  are  obvious." 

— Dublin  Journal '  of  Medical  Science. 

"  Das  wahrhaft  vornehm.  geschriebene  Buch  des  auch  bei  uns  in 
Deutschland  hochverehrten  englischen  Kollegen  spricht  fur  sich  selbst. 
Es  ist  berufen,  in  dem  Vaterlande  Lister's  auch  dem  grossen  Martyrer 
Semmelweis  Gerechtigkeit  zuteil  wer.ien  zu  lassen." 

—Zentralblatt  fur  Gynakologie. 

"There  should  be  a  wide  public,  lay  as  well  as  medical,  for  a  book 
as  full  of  historical,  scientific  and  human  interest  as  this  'Life  of 
Semmelweis.'  .  .  .  Sir  William  Sinclair's  book  is  of  the  greatest  interest 
and  we  are  glad  to  welcome  an  adequate  English  appreciation  of 
Semmelweis,  who  certainly  ranks  among  the  'heroes  of  medicine.'" 

— Nature. 
"It  is  a  book  all  obstetricians  and  research  men  should  read." 

— Scottish  Medical  Journal. 

"A  most  instructive  and  interesting  biography  of  the  discoverer  of 
the  cause  of  puerperal  fever  .  .  .  The  book  is  well  printed  and  bound." 

— Medical  Review. 
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No.  XII.    MODERN  PROBLEMS  IN  PSYCHIATRY.    By.  E.  LTJGARO, 

Professor  of  Nervous  and  Mental  Diseases  in  the  University  of  Modena. 

Translated  from  the  Italian  by  DAVID  ORE,  M.D.,  Assistant  Medical 

Officer    and    Pathologist    to   the   County    Asylum,    Prestwich ;    and 

R.  G.  Rows,  M.D.,  Assistant  Medical  Officer  and  Pathologist  to  the 

County  Asylum,  Lancaster.     With  an  introduction  by  T.  S.  CLOUSTON, 

M.D.,  Physician  Superintendent,  Royal  Asylum,   Morningside,  and 

Lecturer   on   Mental  Diseases   in   Edinburgh    University.     Imperial 

8vo,  pp.  viii.  305,  8  plates.    7s.  6d.  net.     (Publication  No.  47, 1909.) 

"  Professor    Lugaro    is   to    be  congratulated    upon    the    masterly    and 

judicious  survey  of  his  subject  which  he  has  given  to  the  world  in  this 

work.     Not  only  have  we  a  succinct  and  clear  exposition  of  the  present 

state    of   our    knowledge,    but    we    are  confronted    with    a  tale   of    the 

inexhaustible  work  that  lies  before  us." — Lancet. 

"  The  work  should  be  on  the  shelf  of  every  pathologist  and  asylum 
physician ;  it  is  thoughtful,  suggestive  and  well  written.  The  translation 
also  is  excellent." — Nature. 

"  The  book  is  a  very  distinct  addition  fo  the  literature  of  psychiatry, 
and  one  which  will  well  repay  careful  study." 

— Californian  Medical  Journal. 

"The  whole  book  is  suggestive  in  the  highest  degree,  and  well  worthy 
of  careful  study.  Dr.  David  Orr  and  Dr.  R.  G.  Rows,  the  translators, 
are  to  be  heartily  congratulated  on  the  manner  in  which  they  have 
rendered  the  original  into  terse  and  idiomatic  English." — Athenfrurn. 

No.  XIII.  FEEBLEMINDEDNESS  IN  CHILDREN  OF  SCHOOL 
AGE.  By  C.  PAGET  LAPAGE,  M.D.,  M.R.C.P.  With  an  Appendix 
on  Treatment  and  Training  by  MARY  DENDY,  M.A.  Crown  8vo. 
pp.  xvi.  359,  12  Plates.  5s.  net.  (Publication  No.  57,  1911.) 

"There  is  indeed  much  of  practical  interest  in  the  book,  which  is  well 
printed  at  the  Manchester  University  Press  and  is  admirably  illustrated 
and  got  up." — British  Medical  Journal. 

"Dr.  Lapageis  evidently  thoroughly  conversant  with  his  subject,  which 
he  has  discussed  in  such  a  manner  as  to  be  readily  grasped  by  those  inter- 
ested, each  chapter  ending  with  a  summary  of  the  chief  points  discussed. 
Taken  as  a  whole,  we  regard  this  book  as  a  valuable  aid  to  the  treatment 
and  management  of  the  feebleminded."—  The  Asylum  News. 

"It  will  be  thus  seen  that  the  author  covers  much  ground  and  it  is 
surprising  how  much  interesting  information  is  included.  Taken  as  a 
whole  the  book  is  excellent  and  will,  we  feel  sure,  meet  with  a  ready 
sale We  cordially  welcome  this  volume  as  an  admirable  con- 
tribution to  the  literature  of  the  subject." — Medical  Times 

"We  consider  these  objects  have  been  achieved.  The  book  is  a 

clear  and  accurate  short  account  of  the  characteristics  of  feebleminded 
children,  which  cannot  fail  to  be  of  service  to  those  for  whom  it  is  intended. 
.  .  .  The  Appendix  contributed  by  Miss  Dendy  is,  as  we  should  expect, 
clear  and  practical,  and  is  a  valuable  addition  to  the  book." 

— British  Journal  of  Children's  Diseases. 

"His  book  is  eminently  practical,  and  is  written  in  such  simple  lan- 
guage as  any  layman  may  understand."— The  Times  Literary  Supplement. 
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No.  I.  THE  PHYSICAL  LABOKATORIES  OF  THE  UNIVER- 
SITY OF  MANCHESTER.  A  record  of  25  years'  work.  Demy  8vo, 
pp.  viii.  142,  wita  a  Photogravure,  10  Plates,  and  4  Plans.  5s.  net. 

(Publication  No.  13,  1906.) 

This  volume  contains  an  illustrated  description  ot  the  Physical > 
Electrical  Engineering,  and  Electro- Chemistry  Laboratories  of  the 
Manchester  University,  also  a  complete  Biographical  and  Biblio- 
graphical Record  of  those  who  have  worked  in  the  Physics  Depart- 
ment of  the  University  during  the  past  25  years. 

"The  book  is  excellently  got  up,  and  contains  a  description  of  the 
department  of  physics  and  its  equipment,  a  short  biographical  sketch  of 
the  Professor  with  a  list  of  his  scientific  writings  and  a  well-executed 
portrait  and  a  record  of  the  career  of  students  and  others  who  have  passed 
through  Dr.  Schuster's  hands.  Alumni  of  Owens  will  welcome  the 
volume  as  an  interesting  link  with  their  alma  mater." — Glasgow  Herald. 
"  This  interesting  and  valuable  contribution  to  the  history  of  the 
Manchester  University  also  contains  several  illustrations,  and  forms  the 
first  of  the  '  physical  series '  of  the  publications  of  the  University  of 
Manchester." — The  Times. 

"  It  is  a  memorial  of  which  any  man  would  be  justly  proud,  and  the 
University  of  which  he  is  both  an  alumnus  and  a  professor  may  well 
share  that  pride." — Manchester  Guardian. 

No.  II.  LABORATORY  EXERCISES  IN  PHYSICAL  CHEMISTRY. 
By  J.  N.  PRING,  D.Sc.  [In  the  Press. 

PUBLIC     HEALTH     SERIES. 

No.  I.  ARCHIVES  OF  THE  PUBLIC  HEALTH  LABORATORY 
OF  THE  UNIVERSITY  OF  MANCHESTER.  Edited  by 
A.  SHERIDAN  DELEPINE,  M.Sc.,  M.B.,  Ch.M.,  Director  of  the 
Laboratory  and  Proctor  Professor  of  Comparative  Pathology  and 
Bacteriology.  Crown  4to.  pp.  iv.  451.  £l.  Is.  net. 

(Publication  No.  12,  1906.) 

"  The  University  of  Manchester  has  taken  the  important  and  highly 
commendable  step  of  commencing  the  publication  of  the  archives  of  its 
Public  Health  Laboratory,  and  has  issued,  under  the  able  and  judicious 
editorship  of  Professor  Sheridan  Delepine,  the  first  volume  of  a  series 
that  promises  to  be  of  no  small  interest  and  value  alike  to  members  of 
the  medical  profession  and  to  those  of  the  laity.  .  .  .  Original  communi- 
cations bearing  upon  diseases  which  ar^  prevalent  in  the  districts  sur- 
rounding Manchester,  or  dealing  with  food-  and  water-supplies,  air, 
disposal  of  refuse,  sterilisation  and  disinfection  and  kindred  subjects, 
will  be  published  in  future  volumes ;  and  it  is  manifest  that  these,  as 
they  successively  appear,  will  form  a  constantly  increasing  body  of  trust- 
worthy information  upon  subjects  which  are  not  only  of  the  highest 
interest  to  the  profession  but  of  supreme  importance  to  the  public." 

— The   Lancet. 
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No.  I.  INAUGURAL  LECTURES  delivered  during  the  Session 
1904-5,  by  the  Professors  and  Lecturers  of  the  Faculty  of  Theology, 
viz.  : — 

Prof.  T.  F.  Tout,  M.A.  ;  Prof  A.  S.  Peake,  B.D. ;  Prof.  H.  W. 
Hogg,  M.A;  Prof  T.  W.  Rhy^  Davids,  LL.D. ;  Rev.  W.  F. 
Adeney,  D.D. ;  Rev.  A.  Gordon,  M.A.  ;  Rev.  L.  Hasse,  B.D.  ;  Rev. 
Canon  E.  L.  Hicks,  M.A. ;  Rev.  H.  D.  Lockett,  M.A.  ;  Rev.  R. 
Mackintosh,  D.D. ;  Re^.  J.  T.  Marshall,  D.D. ;  Rev.  J.  H.  Moulton, 
D.Litt. 

Edited  by  A.  S.  PEAKE,  B.D.,  Dean  of  the  Faculty. 
Demy  8vo,  pp.  xi.  296.     7s.  6d.  net.         (Publication  No.  9,  1905.) 
"  The  lectures,  while  scholarly,  are  at  the  same  time  popular,  and  will 
be  found  interesting  and  instructive  by  those  who  are  not  theologians. 
....  The  entire  series  is  excellent,  and  the  volume  deserves  a  wide 
circulation." — Scotsman. 

"  The  lectures  themselves  give  a  valuable  conspectus  of  the  present 
position  of  Theological  Research.  .  .  .  They  are,  of  course,  not  addressed 
to  experts,  but  they  are  exceedingly  valuable,  even  when  allowance  is 
made  for  their  more  or  less  popular  form." — Examiner. 

"  This  is  a  most  interesting  and  valuable  book,  the  appearance  of  which 
at  the  present  moment  is  singularly  significant.  .  .  .  But  it  is  impossible 
in  a  brief  review  to  indicate  all  the  treasures  of  this  rich  volume,  to 
read  which  carefully  is  to  be  introduced  to  the  varied  wealth  of  modern 
Biblical  scholarship." — Baptist. 

LECTURES. 

No.  I.  GARDEN  CITIES  (Warburton  Lecture).  By  RALPH  NEVILLE, 
K.C.  6d.  net.  (Lecture  No.  1,  1905.) 

No.  II.  THE  BANK  OF  ENGLAND  AND  THE  STATE  (A  Lecture). 
By  Sir  FELIX  SCHUSTER.  6d.  net.  (Lecture  No.  2,  1905.) 

No.  III.  BEARING  AND  IMPORTANCE  OF  COMMERCIAL 
TREATIES  IN  THE  TWENTIETH  CENTURY.  By  Sir  THOMAS 
BARCLAY.  6d.  net.  (Lecture  No.  3,  1906.) 

No.  IV.  THE  SCIENCE  OF  LANGUAGE  AND  THE  STUDY  OF 
THE  GREEK  TESTAMENT  (A  Lecture).  By  JAMES  HOPE 
MOULTON,  M.A.,  Litt.D.  6d.  net.  (Lecture  No.  4,  1906.) 

No.  V.  THE  GENERAL  MEDICAL  COUNCIL  :  ITS  POWERS 
AND  ITS  WORK  (A  Lecture).  By  DONALD  MACALISTER,  M.A., 
M.D.,  B.Sc.,  D.C.L.,  LL.D.  6d.  net.  (Lecture  No.  5,  1906.) 

No.  VI.  THE  CONTRASTS  IN  DANTE  (A  Lecture).  By  the  Hon. 
WILLIAM  WARREN  VERNON,  M.A.  6d.  net.  (Lecture  No.  6, 1906.) 

No.  VII.  THE  PRESERVATION  OF  PLACES  OF  INTEREST  OR 
BEAUTY  (A  Lecture).  By  Sir  ROBERT  HUNTER.  6d.  net. 

(Lecture  No.  7,  1907.) 
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No.  VIII.  ON  THE  LIGHT  THROWN  BY  RECENT  INVESTIGA- 
TIONS ON  ELECTRICITY  ON  THE  RELATION  BETWEEN 
MATTER  AND  ETHER  (Adams-m  Lecture).  By  J.  J.  THOMSON, 
D.Sc.,  F.R.S.  6d.  net.  (lecture  No.  8,  1908.) 

No.  IX.  HOSPITALS,  MEDICAL  SCIENCE,  AND  PUBLIC 
HEALTH  (A  Lecture).  By  Sir  CLIFFORD  ALLBUTT,  K.C.B.,  M.D. 
(Cantab.).  6d.  net.  (Lecture  No.  9,  1908.) 

No.  X.  ENGLISH  POETRY  AND  GERMAN  PHILOSOPHY  IN 
THE  AGE  OF  WORDSWORTH  (Adamson  Lecture).  By  A.  C. 
BRADLEY,  Litt.D.  6d.  net.  (Lecture  No.  10,  1909.) 

No.  XI.  THE  EVOLUTION  OF  SURGERY.  By  WILLIAM 
THORBURN,  F.R.C.S.  6d.  net.  (Lecture  No.  11,  1910.) 

No.  XII.  LEIBNIZ  AS  A  POLITICIAN.  By  A.  W.  WARD, 
Litt.D.,  F.B.A.  6d.  net.  (Lecture  No.  12,  1911.) 


CALENDAR     OF     THE     VICTORIA     UNIVERSITY     OF     MAN- 
CHESTER.    Session  1904-5.     Demy  8vo,  1100  pp.     3s.  net. 

(Publication  No.  17.) 

CALENDAR     OF  THE     VICTORIA     UNIVERSITY     OF     MAN- 
CHESTER.    Session  ib)05-6.     Demy  8vo,  1200  pp.     3s.  net. 

(Publication  No.  18.) 

CALENDAR     OF  THE     VICTORIA     UNIVERSITY     OF     MAN- 
CHESTER.   Session  1906-7.     Demy  8vo,  1300  pp.     3s.  net. 

(Publication  No.  19.) 

CALENDAR     OF  THE     VICTORIA     UNIVERSITY     OF     MAN- 
CHESTER.    Session  1907-8.     Demy  8vo,  1400  pp.     3s.  net. 

(Publication  No.  28.) 

CALENDAR     OF  THE     VICTORIA     UNIVERSITY     OF     MAN- 
CHESTER.    Session  1908-9.     Demy  8vo,  1460  pp.     3s.  net. 

(Publication  No.  37.) 

CALENDAR     OF  THE     VICTORIA     UNIVERSITY     OF     MAN- 
CHESTER.    Session  1909-10.     Demy  8vo.     1470  pp.     3s.  net. 

(Publication  No.  48.) 

CALENDAR     OF  THE     VICTORIA     UNIVERSITY     OF     MAN- 
CHESTER.    Session  1910-11.     Demy  8vo,  1550  pp.     3s.  net. 

(Publication  No.  56.) 

CALENDAR    OF    THE    VICTORIA    UNIVERSITY     OF     MAN 
CHESTER.     Session  1911-12.     Demy  8vo,  1570  pp.     3s.net. 

(Publication  No.  60.) 


THE  REGISTER  OJ  GRADUATES  OF   THE   UNIVERSITY   OF 
MANCHESTER  UP  TO  JUL*  1908.    2s.  6d.  net,  cloth  3s.  6d.  net. 

(Publication  No.  36.) 
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Publications  of  the  John  Rylands  Library 
issued  at  the  University  Press. 

THE  JOHN  BYLANDS  LIBRARY  :  Memorial  of  the  Inauguration, 
6th  October,  1899.  [Printed  for  private  circulation.]  8vo,  pp.  24. 

CATALOGUE  OF  THE  MANUSCRIPTS,  BOOKS,  AND  BOOK- 
BINDINGS EXHIBITED  AT  THE  OPENING  OF  THE  JOHN 
RYLANDS  LIBRARY,  MANCHESTER,  6th  October,  1899.  8vo, 
pp.  42.  [Out  of  Print. 

CATALOGUE  OF  THE  PRINTED  BOOKS  AND  MANUSCRIPTS 
IN  THE  JOHN  RYLANDS  LIBRARY,  MANCHESTER.  1899. 
3  vols.  4to.  31s.  6d.  net 

CATALOGUE  OF  BOOKS  IN  THE  JOHN  RYLANDS  LIBRARY  .  .  . 
PRINTED  IN  ENGLAND,  SCOTLAND,  AND  IRELAND,  AND 
OF  BOOKS  IN  ENGLISH  PRINTED  ABROAD,  TO  THE  EXD 
OF  THE  YEAR  1640.  1895.  4to,  pp.  iii.  147.  10s.  6d.  net. 

THE  ENGLISH  BIBLE  IN  THE  JOHN  RYLANDS  LIBRARY, 
1525  to  1640.  With  26  facsimiles  and  39  engravings.  [Printed  for 
private  circulation.]  1899.  Folio,  pp.  xvi.  275.  In  levant  Morocco, 
5  guineas  net. 

THE  JOHN  RYLANDS  LIBRARY:  A  Brief  Description  of  the 
Building  and  its  Contents,  with  a  Descriptive  List  of  the  Works 
Exhibited  in  the  Main  Library.  [Printed  for  private  circulation.] 
July  1902.  8vo,  pp.  48.  [Out  of  Print. 

JOHN  RYLANDS  LIBRARY.  .  .  .  JOHANN  GUTENBERG  AND 
THE  DAWN  OF  TYPOGRAPHY  IN  GERMANY.  Lecture  by 
the  Librarian,  14th  October,  1903.  (Synopsis  of  Lecture. — List  of 
works  exhibited  ...  to  illustrate  the  work  of  the  first  typographers 
in  Germany.  .  . — A  selection  from  the  works  in  the  John  Rylands 
Library  bearing  upon  the  subject.)  1903.  8vo,  pp.  15. 

[Out   of    Print. 

THE  JOHN  RYLANDS  LIBRARY  :   THE  MOVEMENT  OF  OLD 
TESTAMENT      SCHOLARSHIP     IN      THE      NINETEENTH 
CENTURY.     [Synopsis  of]  a  lecture  by  Prof.  A.    S.  Peake,  .    . 
llth  November,  1903 — Some  leading  dates  in  Pentateuch  criticism, 
1903.     8vo,  pp.  8.  [Out  of  Print. 

WORKS  UPON  THE  STUDY  OF  GREEK  AND  LATIN  PALEO- 
GRAPHY   AND   DIPLOMATIC    IN    THE    JOHN    RYLANDS 
LIBRARY.  .  .  .  Reprinted    from    the  "Quarterly    Bulletin   of  the 
.   John  Rylands  Library."     1903.     4to,  pp.  16.  [Out  of  Print. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  an  Exhibition 
of  Bibles  illustrating  the  history  of  the  English  versions  from 
Wiclif  to  the  present  time.  Including  the  personal  copies  of  Queen 
Elizabeth,  General  Gordon,  and  Elizabeth  Fry.  1904.  8vo,  pp.  32. 

[Out  of  Print. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  the  Manuscripts 
and  Printed  Books  exhibited  on  the  occasion  of  the  visit  of  the 
National  Council  of  the  Evangelical  Free  Churches.  1905.  8vo, 
pp.  38.  [Out  of  Print. 
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THE  JOHN  RYLANDS  LIBRARY.  ...  A  brief  historical  description 
of  the  Library  and  its  contents,  with  Catalogue  of  the  selection  of 
early  printed  Greek  and  Latin  Classics  exhibited  on  the  occasion  of 
the  visit  of  the  Classical  Association.  .  '.  1906.  8vo,  pp.  89.  Illus. 
Is.  net. 

Full  bibliographical  descriptions  of  the  first  printed  editions  of 
the  fifty  principal  Greek  and  Latin  writers;  of  the  first  printed 
Greek  classic  ("  Batrachomyomachia,"  1474)  the  only  known  copy  is 
described. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  an  Exhibition 
of  Bibles  illustrating  the  history  of  the  English  versions  from  Wiclif 
to  the  present  time,  including  the  personal  copies  of  Queen  Elizabeth, 
Elizabeth  Fry,  and  others.  1907.  8vo,  pp.  vii.  55.  [Out  of  Print. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  the  selection  of 
Books  and  Broadsides  illustrating  the  early  history  of  printing 
exhibited  on  the  occasion  of  the  visit  of  the  Federation  of  Master 
Printers  and  Allied  Trades.  1907.  8vo,  pp.  vi.  34.  [Out  of  Print. 

THE  JOHN  RYLANDS  LIBRARY.  ...  A  brief  historical  description 
of  the  Library  and  its  contents.  1907.  8vo,  pp.  53.  Illus. 

[Out  of  Print. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  an  Exhibition 
of  Illuminated  Manuscripts,  principally  Biblical  and  Liturgical,  on 
the  occasion  of  the  Church  Congress.  1908.  8vo,  pp.  vi.  82.  6d.  net. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  an  Exhibition 
of  original  editions  of  the  principal  works  of  John  Milton  arranged 
in  celebration  of  the  tercentenary  of  his  birth.  1908.  8vo,  pp.  24. 
6d.  net. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  an  Exhibition 
of  the  works  of  Dante  Alighieri  [with  list  of  a  selection  of  works  on 
the  study  of  Dante].  1909.  8vo,  pp  xii.  55.  6d.  net. 

THE  JOHN  RYLANDS  LIBRARY.  .  .  .  Catalogue  of  an  Exhibition 
of  original  editions  of  the  principal  English  Classics  [with  list  of 
works  for  the  study  of  English  Literature].  1910.  8vo,  pp.  xvi. 
86.  6d.  net. 

A  CLASSIFIED  CATALOGUE  OF  THE  WORKS  ON  ARCHITEC- 
TURE AND  THE  ALLIED  ARTS  IN  THE  PRINCIPAL 
LIBRARIES  OF  MANCHESTER  AND  SALFORD,  with  Alpha- 
betical author  list  and  subject  index.  Edited  for  the  Architectural 
Committee  of  Manchester  by  Henry  Guppy  and  Guthrie  Vine.  1909. 
8vo,  pp.  xxv.  310.  3s.  6d.  net,  or  interleaved  4s.  6d.  net. 

THE  JOHN  RYLANDS  LIBRARY.  ...  An  analytical  catalogue  of 
the  contents  of  ths  two  editions  of  "  An  English  Garner,"  compiled 
by  Edward  Arber  (1877-97),  and  rearranged  under  the  editorship  of 
Thomas  Seccombe  (1903-04).  1909.  8vo,  pp.  viii.  221.  Is.  net. 

BULLETIN  OF  THE  JOHN  RYLANDS  LIBRARY.  Vol.  i.  (1903-08). 
4to,  pp.  468.  6s.  net. 
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AN  ACCOUNT  OF  A  COPY  FROM  THE  FIFTEENTH  CENTURY 
[now  in  the  John  Rylands  Library]  of  a  map  of  the  world  engraved 
on  metal,  which  is  preserved  in  Cardinal  Stephen  Borgia's  Museum 
at  Velletri.  By  A.  E.  Nordenskiold  (copied  from  "Ymer,"  1891). 
Stockholm,  1891.  4to,  pp.  29,  and  facsimile  of  map.  7s.  6d.  net. 

CATALOGUE  0*  THE  COPTIC  MANUSCRIPTS  IN  THE  JOHN 
RYLANDS  LIBRARY.  By  W.  E.  Crum.  1909.  4to,  pp.  xii.  273. 
12  plates  of  facsimiles,  in  collotype.  1  guinea  net. 

Many  of  the  texts  are  reproduced  in  extenso.  The  collection 
includes  a  series  of  private  letters  considerably  older  than  any  in 
Coptic  hitherto  known,  in  addition  to  many  MSS.  of  great  theological 
and  historical  interest. 

CATALOGUE  OF  THE  DEMOTIC  PAPYRI  IN  THE  JOHN 
RYLANDS  LIBRARY.  With  facsimiles  and  complete  translations. 
By  F.  LI.  Griffith.  1909.  3  vols.  4to. 

1.  Atlas  of  facsimiles  in  collotype. 

2.  Lithographed  hand  copies  of  the  earlier  documents. 

3.  Key-list,  translations,  commentaries,  and  indexes.      3  guineas  net. 
This  is  something  more  than  a  catalogue.     It  includes  collotype 

facsimiles  of  the  whole  of  the  documents,  with  transliterations, 
translations,  besides  introductions,  very  full  notes,  and  a  glossary  of 
Demotic,  representing  the  most  important  contribution  to  the  study 
of  Demotic  hitherto  published.  The  documents  dealt  with  in  these 
volumes  cover  a  period  from  Psammetichus,  one  of  the  latest  native 
kings,  about  640  B.C.,  down  to  the  Roman  Emperor  Claudius,  A. D.  43. 

CATALOGUE  OF  THE  GREEK  PAPYRI  IN  THE  JOHN  RYLANDS 
LIBRARY.  By  Arthur  S.  Hunt.  Vol.  i  :  Literary  texts  (Nos.  1-61). 
1911.  4to,  pp.  xii.  204.  10  plates  of  facsimiles  in  collotype. 
1  guinea  net. 

The  texts  are  reproduced  in  extenso.  The  collection  comprises 
many  interesting  Biblical,  liturgica1,  and  classical  papyri,  ranging 
from  the  third  century  B.C.  to  the  sixth  century  A.D.  Included  are 
probably  the  earliest  known  text  of  the  "  Nicene  Creed,"  and  one 
of  the  earliest  know,i  vellum  codices,  containing  a  considerable 
fragment  of  the  "  Odyssey,"  possibly  of  the  third  century  A.D. 

CATALOGUE  OF  THE  GREEK  PAPYRI  IN  THE  JOHN  RYLANDS 
LIBRARY.  By  Arthur  S.  Hunt.  Vols.  2  and  3  :  Non-literary 
documents.  [In  Preparation. 

THE  JOHN  RYLANDS  FACSIMILES  :  A  series  of  reproductions  of 
unique  and  rare  books  in  the  possession  of  the  John  Rylands  Library. 

The  volumes  consist  of  minutely  accurate  facsimile  production? 
of  the  works  selected,  preceded  by  short  bibliographical  introduc- 
tions. 

The  issue  of  each  work  is  limited  to  five  hundred  copies,  of 
which  three  hundred  are  offered  for  sale,  at  a  price  calculated  to 
cover  the  cost  of  reproduction. 
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1.  PROPOSITIO  JOHANNIS  RUSSELL,  printed  by  William  Caxton, 

circa  A.D.  1476.  Reproduced  from  the  copy  preserved  in  the  John 
Rylands  Library.  .  .  .  With  an  introduction  by  Henrv  -Guppy. 
1909.  8vo,  pp.  36,  8.  3s.  6d.  net. 

This  "proposition"  is  an  oration,  pronounced  by  John  Russell, 
Garter  King  of  Arms,  on  the  investiture  of  Charles,  Duke  of 
Burgundy,  with  the  Order  of  the  Garter,  in  February,  1469,  at 
Ghent.  The  tract  consists  of  four  printed  leaves,  without  title-page, 
printer's  name,  date,  or  place  of  printing.  It  is  printed  in  the  type 
which  is  known  as  Caxton's  type  "No.  2,"  but  whether  printed  at 
Bruges  or  at  Westminster  has  yet  to  be  determined.  • 

For  many  years  the  copy  now  in  the.  John  Rylands  Library  was 
considered  to  be  unique.  Indeed,  until  the  year  1807  it  lay  buried 
and  unnoticed  in  the  heart  of  a  volume  of  manuscripts,  with  which 
it  had  evidently  been  bound  up  by  mistake.  Since  then,  another 
copy  has  been  discovered  in  the  library  at  Holkham  Hall,  the  seal 
of  the  Earl  of  Leicester. 

2.  A  BOOKE  IN  ENGLYSH  METRE,  of  the  Great  Marchaunt  man 

called  "Dives  Pragmaticus ".  .  .  .  1563.  Reproduced  in  facsimile 
from  the  copy  in  the  John  Rylands  Library.  With  an  introduction 
by  Percy  E.  Newbery;  and  remarks  on  the  vocabulary  and  dialect, 
with  a  glossary  by  Henry  C.  Wyld.  1910.  4to,  pp.  xxxviii.  16. 
5s.  net. 

The  tract  here  reproduced  is  believed  to  be  the  sole  surviving 
copy  of  a  quaint  littie  primer  which  had  the  laudable  object  of 
instructing  the  yoa  ig  in  the  names  of  trades,  professions,  ranks,  and 
common  objects  of  daily  life  in  their  own  tongue.  The  lists  are 
rhymed,  and  therefore  easy  to  commit  to  memory,  and  they  are 
pervaded  by  a  certain  vein  of  humour. 

3.  A  LITIL  BOKE  the  which e  traytied  and  reherced  many  gode  thinges 

necessaries  for  the  .  .  .  Pestilence  .  .  .  made  by  the  .  .  .  Bisshop 
of  Arusiens.  .  .  [London],  [1485  ?].  Reproduced  in  facsimile  from  the 
copy  in  the  John  Rylands  Library.  With,  an  introduction  by 
Guthrie  Vine.  1910.  4to,  pp.  xxxvi.  18.  5s.  net. 

Of  this  little  tract,  consisting  of  nine  leaves,  written  by  Benedict 
Kanuti,  Bishop  of  Vasteras,  three  separate  editions  are  known,  but 
only  one  copy  of  each,  and  an  odd  leaf  are  known  to  have  survived. 

There  is  no  indication  in  any  edition  of  the  place  of  printing, 
date,  or  name  of  printer,  but  they  are  all  printed  in  one  of  the  four 
type  employed  by  William  de  Machlinia,  who  printed  first  in 
partnership  with  John  Lettou,  and  afterwards  alone,  in  the  city  of 
London,  at  the  time  when  William  Caxton  was  at  the  most  active 
period  of  his  career  at  Westminster. 

THE  ELLESMERE  CHAUCER :  Reproduced  in  Facsimile.  Price 
£50  net. 

TRANSACTIONS  OF  THE  INTERNATIONAL  UNION  FOR  CO- 
OPERATION IN  SOLAR  RESEARCH  (Vol.  i.,  First  and  Second 
Conferences).  Demy  8vo,  260  pp.  and  plate.  7s.  6d.  net. 
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TRANSACTIONS  OF  THE  INTERNATIONAL  UNION  FOR  CO- 
OPERATION IN  SOLAR  RESEARCH  (Vol.  ii.,  Third  Conference.) 
Demy  8vo.  7s.  bd.  net. 

TRANSACTIONS  OF  THE  INTERNATIONAL  UNION  FOR 
CO-OPERATION  IN  SOLAR  RESEARCH  (Vol.  iii.,  Fourth 
Conference. )  Demy  8vo.  7s.  6d.  net. 

EXCAVATION  OF  THE  ROMAN  FORTS  AT  CASTLESHAW  (near 
Delph,  West  Riding),  by  SAMUEL  ANDREW,  Esq.,  and  Major  WILLIAM 
LEES,  J.P.  First  Interim  Report,  prepared 'by  F.  A.  BRUTON,  M.A. 
Demy  8vo,  pp.  38,  20  plates  and  plans.  Is.  net. 

EXCAVATION  OF  THE  ROMAN  FORTS  AT  CASTLESHAW  (near 
Delph,  West  Riding),  by  SAMUEL  ANDREW,  Esq.,  and  Major 
WILLIAM  LEES,  J.P.  Second  Interim  Report,  prepared  by  F.  A. 
BRUTON,  M.A.  Demy  8vo,  pp.  93,  45  plates  and  plans.  3s.  6d.  net. 

THE  ROMAN  FORT  AT  MANCHESTER.  Edited  by  F.  A.  Bruton. 
Demy  8vo.  6s.  net. 

THE  ROMAN  FORT  AT  RIBCHESTER.    Edited  by  J.  H.  HOPKIN- 

SON,  M.A.     Demy  8vo.     6d.  net. 

THE  MOSTELLARIA  OF  PLAUTUS.     Acting  edition  with  a  transla- 
tion into  English  verse.     Edited  by  G.  NORWOOD,  M.A.     Is.  net. 
THE    VICTORIA    UNIVERSITY    OF    MANCHESTER  MEDICAL 

SCHOOL.     6d.  net. 
LE    PELERIN    DE    VIE    HUMAINE.      (Privately  printed  for  the 

Roxburghe  Club).  [In  the  press. 

THE  BOOK  OF  RUTH  (Unpointed  Text).  6d.  net. 
THE  BOOK  OF  AMOS  (Unpointed  Text).  6d.  net. 
SCENES  FROM  THE  RUDENS  OF  PLAUTUS,  with  a  Translation 

into  English  Verse.     Edited  by  R.  S.  CONWAY,  Litt.D.,  Professor  of 

Latin  in  the  University.     6d.  net. 
THE  POEMS  OF  LEOPARDI.    By  FRANCIS  BROOKS,  M.A.     Price 

3s.  6d.  net. 

MANCHESTER   UNIVERSITY   DIARY,   1911-12.     Is.  net. 
A  TARDINESS  IN  NATURE  AND  OTHER  PAPERS.     By   MARY 

CHRISTIE.     Edited,  with  Introductory  Note  and  Memoir,  by  MAUD 

WITHERS.     Crown  8vo,  331  pp.     3s.  net. 
MUSICAL  CRITICISMS.    By  ARTHUR  JOHNSTONE.    With  a   Memoir 

of  the  Author  by  HENRY  REECE  and  OLIVER  ELTON.     Crown  8vo, 

225  pp.     5s.  net. 
MANCHESTER  BOYS.     By  C.  E.  B.  RUSSELL.     With  an  Introduction 

by  E.  T.  CAMPAGNAC.     Crown  8vo,  pp.  xvi.  176, 19  plates     2s.  6d.  net. 
MANCHESTER    BANKS  :     ANALYSIS    OF    THE     PUBLISHED 

BALANCE    SHEETS    FOR    1908.       By  D.    DRUMMOND    FRASER, 

M.Com.     Is.  net. 
MANCHESTER    BANKS  •     ANALYSIS    OF    THE     PUBLISHED 

BALANCE    SHEETS    FOR    1909.     By    D.    DRUMMOND    FRASER, 

M.Com.     Is.  net. 
MANCHESTER    BANKS  :     ANALYSIS    OF    THE    PUBLISHED 

BALANCE  SHEETS  FOR  1910.      By  D.   DRUMMOND  FRASER, 

M.Com.     Is.  net. 
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